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ABS TRACT 


In this thesis the cell autonomous temperature sensitive lethal 
mutation Z(1)ts726 was used to induce pattern duplications of the meso- 
thoracic leg of Drosophila. Two main studies were done on these 
duplications: (i) a detailed phenotypic analysis and (ii) a clonal 
analysis of the intermediate stages of development. 

In the phenotypic analysis, 893 duplications were scored. In 
these duplications the morphological markers in the medial portion of 
the disc were often deficient and rarely duplicated, while the more 
lateral markers were rarely deficient and often duplicated. This 
pattern is similar to that seen in experiments involving the culturing 
of leg disc fragments. The deficiencies associated with these duplica- 


tions often affected very few markers. These results were compared 


with the predictions of the polar coordinate model of French et al. (1976). 


eeveral possible explanations for the difference between the observed 
Size of the deficiencies accompanying these duplications and the pre- 
dictions of the model were considered. 

Two clonal analyses of the intermediate stages of development 
were done, one using the Minute technique (Garcia-Bellido et al. 1973) 
to induce large clones. From the non-Minute clones, estimations were 
made of the number of cells present in the duplications at several 
times in development. These estimates were very similar to estimates 
made of normal leg discs during embryogenesis. The Minute clones were 
scored for location. Those clones induced by late irradiation were 
found to be restricted by a boundary identical to the anterior/posterior 
compartment boundary in normal legs. The results of aoe clonal analy- 
ses suggests that duplications are growing by a reiteration of normal 
development. 
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These results are discussed in the light of the two leading views 
of Drosophtla development. One hypothesis, based on clonal analyses, 
suggests that cells become sequentially determined throughout develop- 
ment. The second, based on regeneration studies suggests that positional 
information systems specify each cell location and thus determine 
which structures it will form. The present results suggest that a com- 
promise 1s possible Detween these views,. that. cells interpret. their 
positional information via a series of sequential steps, and that regen- 
eration occurs when cells "forget" certain previous decisions and reiterate 


portions of the\sequence. 
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INTRODUCTION 


One aspect of development currently receiving a great deal of 
attention is the process whereby pattern is established (Wolpert 1969, 
1971, Bryant 1971, Schubiger 1971, Postlethwait and Schneiderman 1973, 
1974, Lawrence 1970, 1973, Russell 1974, Garcia-Bellido 1975, 

Postlethwait 1975, Bryant 1975, Wolpert et al. 1975, French 1976 a,b, 
erence Stal. 1976; Strub 1977 a,b, Russell et al. 1977). This question 
is a central one for multicellular organisms. Not only must each cell 
be instructed as to how it is to differentiate, but the individual cells 
Must also be directed to differentiate in proper spatial arrays. The 
process whereby cells select such a single specific pathway of develop- 
ment has been termed "determination" (Hadorn 1965). Operationally, 
cells are assumed to pass their state of determination on to their 
offspring. Thus whenever the progeny of a single cell can be shown to 
be restricted in their developmental potential (eg., to forming only 
one of two structures), the original cell is said to have been deter- 
mined. 

It is believed that in Drosophtla a sequence of determinative events 
occurs, with cells becoming progressively restricted throughout develop- 
ment. Some of this evidence comes from the analysis of genetic mosaics 
(see Stern 1968, Gehring and Nothinger 1972, Postlethwait and Schneiderman 
1974 and Hall et al. 1976 for review). One type of mosaic, the XX-XO 
gynandromorph, is produced by the loss of one X chromosome from a 
nucleus in a female embryo very early in development (Morgan 1914, 
Sturtevant 1929, Patterson and Stone 1938). In these gynandroorphs 
the patches of male (XO) tissue are observed to mark all visible structures 


ijn the adult at random, indicating that the nucleus in which the elimina- 
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tion occurred was not determined to form any particular adult structures. 
Studies of chromosome elimination at the third to fourth nuclear divi- 
Sion, induced by the mutant mtt (Gelbart 1971, 1974) provide a similar 
result. No restrictions are seen on the structures formed by the XO 
patches. Thus prior to the blastoderm stage, the nuclei appear to be 
not determined to form any particular adult structures. 

In addition the determinative state of preblastoderm nuclei has 
beem tested ‘directly. « ‘IT imensee (196841970) 1972/9976) jand »Okada 
et al. (1974) removed individual nuclei from genetically marked embryos 
prior to the cellular blastoderm stage and transplanted them into 
unfertilized eggs or embryos at earlier stages of development. The 
descendents of these nuclei could form all larval and adult structures. 
This result also indicates that prior to cellular blastoderm, nuclei 
are not determined. 

The earliest stage of development for which evidence for determina- 
tion has been found is at cellular blastoderm, when the nuclei in the 
cortex are first incorporated into cells. Chan and Gehring (1971) 
observed that at this stage cells were restricted in their developmental 
potential. They divided genetically marked blastoderm stage embryos 
into anterior and posterior halves. Each half was dissociated into 
single cells and mixed with dissociated, wild type, whole embryos and 
cultured in the abdomen of an adult female. Under these conditions the 
cells proliferated. After several days in culture they were induced 
to undergo metamorphosis by injecting them into a late third instar 
larva. Cells from the anterior portion of the blastoderm produced 
head and thoracic structures while posterior cells produced abdomen and 


thoracic structures. These results indicate that cells at the blastoderm 
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stage are no longer able to form all of the adult structures, i.e., they 
have become determined for anterior or posterior structures. The observ- 
ation that both fragments produced thoracic structures may be the result 
of variations in the location of the bissection from case to case or 

may indicate that some cells in both portions had the potential to form 
thoracic, structures. 

In a more direct examination of the determinative state of blasto- 
derm cells Illmensee (1976) transplanted single, genetically marked 
blastoderm cells into host embryos which were also at the cellular 
blastoderm stage. He observed that the descendents of these cells formed 
structures characteristic of the original location of the transplanted 
6elw4 irnespective: of) their, location) inpthe»hosts,hoThis! agrees! with 
the results of Chan and Gehring in suggesting that cells at the cellular 
blastoderm stage had become determined, but the resuits published so far 
do not answer the question as to how specific is the state of determin- 
ation at the blastoderm stage. 

More detailed studies on this point have been made using the tech- 
nique of mitotic recombination to produce somatic mosaics (Stern 1936). 
Mosaics can be induced at any time during development by exposing 
Drosophila which are heterozygous for marker mutations to ionizing 
radiation (Becker 1957). Mitotic recombination can result in two 
daughter cells homozygous for portions of the parental chromosomes. 

By using appropriate genetic markers the progeny of one or both cells can 
be detected as a patch of marked cuticle in the adult. Thus a state of 
determination can be inferred when clones induced at a given stage 

cease to include both of the two arbitrarily chosen morphological markers. 


The technique has the disadvantage that clones induced later in develop- 
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ment may be too small to mark both structures, even though the original 
cell had the potential to form both. 

To increase the effectiveness of this technique at the later stages 
of development several investigators have made use of a class of mutants 
known as Minutes (Stern 1936, Kaplan 1953, Lindsley and Grell 1968). 
These are recessive lethals, some of which show a dominant cell autono- 
mous decrease in cell division rates (Stern and Tikunaga 1971). When 
somatic cell clones which are Minute’? are induced in a heterozygous 
Minute background, the cells of the clone grow faster than the back- 
ground cells and produce large clones (Morata and Ripoll 1975). 

Several investigators have applied the Minute technique to the study 
of ‘the state of determination of cells at about the cellular blastoderm 
stage (3-4 hours) (Steiner 1976, Wieschaus and Gehring 1976a). Clones 
induced at this time did not cross from segment to segment or from the 
anterior into the posterior within a segment. They did however, mark 
structures formed by more than one imaginal disc, eg., Steiner (1976) 
observed clones which marked both the wing and the mesothoracic leg. 

The observed clonal restrictions imply that at the time of initiation 
of these clones the cells had become determined to form a specific 
portion of a specific segment, but, were not yet determined to form a 
specific imaginal disc. Clones induced later, at 10 hours after egg 
laying marked only structures formed by a single imaginal disc (Steiner 
1976, Wieschaus and Gehring 1976a, Lawrence and Morata 1977). These 
results suggest that the cells potential to form adult structures is 
progressively restricted by a sequence of events in early development. 
The results of the cell culture and transplantation experiments (Chan 
and Gehring 1971, Illmensee 1976) suggests that these restrictions may 


be determinative events. 
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A series of investigators have detected similar clonal restrictions 
at later stages in the growth of imaginal discs (Becker 1957, Garcia- 
Bellido and Merriam 1971, Garcia-Bellido et al. 1973). The areas de- 
fined by these restrictions have been termed "compartments". In the 
wing disc compartmentalization events occur in a regular temporal se- 
quence in which existing compartments are progressively subdivided (see 
Garcia-Bellido 1975 for the location of the boundaries in the wing, 
steiners19760for the legs and) Struhl19779for: the» probosis). 

These results suggest that a cell's developmental potential may 
be progressively restricted by a sequence of determinative events starting 
at cellular blastoderm and continuing throughout larval development 
(Garcia-Bellido 1975). 

This view of the functional significance of compartmentalization 
is supported by the phenotypes of some of the class of mutation known 
as homeotitcs (Bateson 1894, Postlethwait and Schneiderman 1973). In 
homeotic mutants a characteristic portion of the adult structures are 
replaced by a set of structures normally found elsewhere in the fly, 
eg., in btthorax the anterior of the haltere is transformed into anterior 
wing (Lewis 1955, 1963, 1964). It was observed that the transformations 
of some of the btthorax alleles (Garcia-Bellido 1975, Morata and Garcia- 
Bellido 1976) and of the mutant engratled (Garcia-Bellido and Santamaria 
1972) respected compartment boundaries previously defined by clonal 
analysis. These observations suggest that the cells in different com- 
partments have activated different sets of genes. Such differential 
gene activity is expected if the cells in different compartments have 
selected different developmental pathways. This supports the hypothesis 
that the events reflected by the formation of compartmental boundaries 


are determinative events. 
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A quite different hypothesis as to how Drosophila imaginal disc 
geri decide which adult structure they will form has been proposed 
based on the results of disc regeneration experiments. When fragments 
of mature imaginal discs are implanted into late third instar larvae, 
the fragments undergo metamorphosis along with their host, and form 
vesicles of adult cuticle in the adult abdominal cavity (Ephrussi and 
Beadle 1936). If the cells in the fragment do not undergo cell division 
before metamorphosis, the adult structures produced by the fragment are 
always a specific part of the adult structure. Several investigators 
have prepared 'fate-maps' showing the locations of the precursor cells 
of specific adult structures by observing the structures formed by de- 
fined fragments of imaginal discs (see review by Gehring and Néthinger 
1275,halsd; Ouwenéel "et %al~ 19737" Bryant/1975) P°orFor example, Schubi ger 
(1968) was able to map the locations of the precursor cells of a set of 
markers in the prothoracic leg disc. Even markers consisting of a single 
bristle (EB, BH ) could be mapped. 

These results indicate that late in the third larval instar the 
imaginal discs show a mosaic determination. That is, individual cells 
are committed to form specific adult structures. This is consistant 
with the hypothesis of a sequence of determinative events throughout 
development. However, when fragments were cultured under conditions 
where cell divisions occurred a different result was obtained. They 
sometimes formed structures normally produced by cells in a different 
portion of the same disc (regeneration), they sometimes produced two 
sets of the structures differentiated without an intervening period of 
cell proliferation (duplication) or, rarely, produced structures 
normally formed by a different imaginal disc (Hadorn 1965, 1968, 


Schubiger 1971, Bryant 1971, Strub 1977 a,b). 
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Hadorn (1965, 1968) studied the behavior of disc fragments cultured 
for long periods by repeated transfers to fresh adult hosts. He was 
able to demonstrate that such fragments usually formed structures appro- 
priate to the imaginal disc involved. However, occasional changes to 
other discs occurred, which he termed "transdetermination". 

Schubiger (1971) observed that fragments of the first leg disc 
did not duplicate and regenerate at random when cultured for 5-10 days 
prior to metamorphosis. Those fragments which contained the upper medial 
quarter of the disc regenerated while all others duplicated. This has 
recently been reconfirmed by Strub (1977 a,b) who also observed that the 
upper medial quarter of the first leg disc could regenerate all of the 
feg, structures: 

All of the cells in the upper medial quarter of the prothoracic 
leg disc are in the anterior compartment. However, when cultured, the 
descendents of these cells produce posterior structures. This indicates 
that cells are not limited to regenerating those structures in one 
compartment. These results indicate that, according to the operational 
definition of determination the committment to a particular compartment 
is not a determinative committment. It is worth noting that the anterior/ 
posterior compartment boundary is established prior to the determination 
to, form ayspecific dmaganeal disc ..~Nonetheless,, cells,only;zarely pro- 
duce structures formed by a different disc when cultured. This implies 
that there may be inherent differences in the stability of the different 
committments made by cells throughout development, and, that the stability 
of any one committment is not necessarily correlated with the stage at 
which it is made. 

The observations made on regeneration of disc fragments led Bryant 


(1971) to propose that the ability of an imaginal disc cell to regenerate 
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is controlled by its position in a gradient of "developmental capacity". 
He proposed that each cell in the disc can regenerate those structures 
produced by cells with a lower gradient value, but not those with a 
higher value. Whenever a disc fragment is cultured tn vivo, the cells 
at the cut edge are proposed to regenerate all structures produced 

by cells lower in the gradient. The cells at the cut edge of the frag- 
ment containing the high point of the gradient will thus replace the 
Missing structures leading to regeneration. In the reciprocal fragment 
the same growth will produce a second copy of those structures already 
present, giving a duplication. According to this model there is no 
difference between the growth leading to a duplication and a regeneration. 
Since the upper medial quarter of the leg disc can regenerate all of 

the ‘lateral structures, this portion was postulated to contain the 

high point of the gradient. 

Using a different technique for generating the imaginal disc frag- 
ments, Postlethwait and Schneiderman (1973) investigated the regenerative 
ipbada by of mesothoracic leg disc. cells. ‘They induced’cell death in 
the discs by exposing young larvae to 1000 r of X-irradiation. They 
observed that in the trochanters and femurs of 30 cases of mesothoracic 
leg duplication the medial markers were often deficient and the lateral 
markers often duplicated. This result can also be explained by a single 
gradient in the leg, high medial and low lateral. 

Bryant (1975) observed that when the wing disc is bissected and 
the half disc fragments cultured one half regenerates and the other 
half duplicates. According to the single gradient model the high point 
of the gradient is located in that portion of the disc which regenerates. 


Using a series of cuts he observed that the center of the disc was 
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common to all fragments that regenerated and was not present in any of 
the fragments that duplicated. This implied that several gradients or 
a single cone shaped gradient existed in the wing disc, high in the cen- 
ter and low at each edge. However, when this center portion was cut 
free from the edges and cultured it failed to regenerate and instead 
duplicated. This cannot be explained by the single gradient model. 
Likewise some results obtained from grafting experiments in amphi- 
bian and cockroach legs cannot be explained by the single gradient 
model. When a distal leg graft is attached to a proximal stump so that 
no discontinuity exists then no regeneration occurs. However, when 
such a graft is made in which either the dorso-ventral or medio-lateral 
axes of the graft are reversed with respect to the stump (as occurs in 
grafts of right legs on left stumps) then a series of outgrowths occur 
from the stump/graft intersection. These ‘supernumerary’ growths con- 
tain a set of all of the leg structures distal to the level of the 
graft and are disposed in bis tee image symmetry to the original leg 
(see Huxley and DeBeer 1934, Rose 1964, 1970, Hay 1966 for review of 
the amphibian limb, see Bohn 1965, 1972, Bulliére 1970, and French 
t97e 2,6 for review “or the cockroach Teg) 19 In tamseries’ of recent 
studies using grafts between cockroach strains with different colored 
cuticle, French (1976 a,b) has reconfirmed that these supernumerary 
limbs show a mirror image symmetry (see Bateson 1894) and he has demon- 
strated that the cells of both the graft and the host participate in 
the formation of the supernumerary limbs. He has also confirmed the 
observation made earlier that when the graft and stump are from different 
portions of the leg, intercalative growth sometimes occurs which re- 


stores the complete leg, or generates a mirror-image duplication for a 
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portion of the leg. This intercalation always has the effect of removing 
a proximal-distal discontinuity, even at the expense of conserving con- 
stant limb polarity. 

A similar type of intercalation occurs in Drosophtla imaginal discs. 
When two fragments from opposite sides of a wing disc are mixed to- 
gether, cultured and then induced to undergo metamorphosis, structures 
normally produced by cells in the center of the disc are found (Haynie 
and Bryant 1976). Either fragment when cultured alone duplicates, but 
the mixture of the two produces structures not normally formed by either 
fragment. 

Several investigators have suggested that the results of these ex- 
periments can be explained using the concept of "positional information" 
developed by Wolpert (1969, 1971). Wolpert proposes that cells in a 
developing system are informed as to their location within the system 
by the localized values of global variables that uniquely specify the 
tocation of each cells, Celis are proposed. to respond by @ifferentiating 
in the proper patterns. The single gradient cannot be considered a 
model of positional information on logical grounds alone. To uniquely 
specify the position of every cell in the two dimensional sheet of cells 
that is an imaginal disc, at least two distinct gradients are required. 
One such model has been proposed by French et al. (1976) based on the 
observed patterns of symmetry in the supernumerary limbs in cockroaches 
and on the results of the amphibian and imaginal disc regeneration 
experiments. The authors postulate that two coordinate systems of 
positional information exist in the limb or imaginal disc, one radial 
and the other circular (Figure 1). They propose that cells confronted 


by a discontinuity in circular values always respond by intercalative 
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Figure 1 A diagram of the French, Bryant, and Bryant polar coordinate 


system showing the radial (A-E) and circular (0-12) 
positional information sequences. Redrawn from French, 
Bryant, and Bryant (1976). 
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growth that fills the gap via the shortest route. In an example given 
in their paper, an inserted graft that causes a confrontation between 
cells with circular values 4 and 8 in the cockroach leg induces inter- 
eaieive Guowsh of the structures with values 5, 6 and 7, thus removing 
the discontinuity via the shortest route. 

They also propose that whenever a complete set of circular values 
is generated at any radial level, all structures distal to this level 
are regenerated. This accounts for the regenerative behavior in amphi- 
bian and cockroach legs. At the level of the cut a complete circle of 
values is present in the cells at the proximal and distal cut surfaces. 
The confrontation of these values during wound healing results in the 
initiation of distal regeneration. In the case of the supernumerary 
growths observed in amphibians and cockroaches, the confrontation 
of opposite circular vanes due to the missaligned axes, at the stump/ 
graft intersection is proposed to first stimulate intercalary growth 
which produces complete sets of circular values around the points of 
maximum miesaranes between the stump and the graft. Then, these com- 
plete circles initiate the regeneration of a complete set of distal 
structures, producing the supernumerary leg. It is important to note 
that the patterns of symmetry in these supernumerary limbs will depend 
on the location of the confrontations between the graft and the stump 
that produce the complete circle. As shown by French et al. (1976) 
“the model can successfully explain the location and symmetrics of the 
supernumerary limbs resulting from all combinations of graft/host 
confrontations which have been tested. 

The polar coordinate model can account for the observed behavior 


of imaginal disc fragments cultured tm vivo. In the wing disc, the 
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duplication of the central fragment is proposed to be the result of the 
distal transformation rule. The center of the wing disc is proposed to 
be equivalent to the distal tip of the leg. Thus when the edges of the 
central fragment come together during the wound healing process, a 
complete set of circular values is generated which initiates a regener- 
ation producing a second copy of the structures present in the fragment. 
The regeneration behavior of wing disc fragments when mixed together is 
proposed to be the result of intercalation. Cells in the fragments 

are confronted with a discontinuity when mixed and they respond by 
regenerating those structures with intermediate values. To account for 
the observation that the upper medial quarter of the first leg disc 

can regenerate all of the leg structures, the authors propose that the 
circular values are not evenly distributed in this leg disc, and that 
half of these values are contained in the upper medial quarter of the 
disc. Thus intercalation by the shortest route in a fragment which 
contains the upper medial quarter of the disc will always result in 
regeneration, and in any other fragment will produce a duplication 

(see French et al. 1976, Figure 8). 

The polar coordinate model thus fulfills the two requirements of 
a successful model. First, it explains all of the observed data with 
a minimum of a prtort assumptions. Secondly, it makes predictions which 
can be experimentally tested. 

Two views of the process whereby Drosophila cells become specified 
as to which adult structure they will form have been presented above. 
The clonal restriction data suggests that cells become progressively 
committed to form specific adult structures by a series of decisions. 


Each cell remembers the result of the decisions made by its ancestors 
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and passes on to its progeny the result of any decisions it makes. The 
positional information model based on the results of regeneration exper- 
iments postulates that which adult istructures are formed by an imaginal 
disc cell depends on the cell's location in the mature disc. The 

location of each cell is uniquely specified by global systems of positional 
information in the disc. Each cell interprets this information and 
responds by differentiating a specific adult structure during metamor- 
phosis. 

One possibility for the reconciliation of these two views is that 
positional information controls the spatial organization of determina- 
tive events in the embryo and imaginal discs, and, that these decisions 
are necessary steps in the interpretation of positional’ information. 
Thus at several stages of development cells might make decisions based 
on their position which serve to restrict the developmental potential 
of their progeny. 

The observations that cells can regenerate structures they would 
not normally form can be reconciled to this view by postulating that 
at the initiation of regeneration cells become de-determined, i.e., they 
"forget’’ the decisions made by their ancestors, and that during the 
process of regeneration the cells repeat the sequence of decisions which 
occur in normal development, but in response to a new pattern of posi- 
tional signals. The rules which govern the establishment of this new 
pattern are presumed to be inherent in the organization of the original 
system of positional information. Thus regeneration or duplication 
would be a reiteration of normal development. This hypothesis might 
be tested by analyzing the intermediate stages of growth of pattern 


duplications and comparing them with those of normal development. Studies 
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of the development of normal imaginal discs have provided information 
about two aspects of development which are germane to the hypothesis: 
(i) the number of cells present in the disc at different stages and (ii) 
the formation of compartment boundaries. 

These aspects of development have been studied using the technique 
of clonal analysis. Up to now the application of clonal analysis to 
studies of the growth of duplications of imaginal discs was technically 
very difficult, due to the large amount of effort required to generate 
a significant number of cases. In a demonstration of the utility of 
genetics in the study of development, Russell (1974) has recently dev- 
eloped a system in which such studies can be made. He isolated a series 
of temperature sensitive, cell autonomous lethal mutations in Drosophila. 
One of these, Z7(1)ts726 (referred to in this thesis as ts726) was a 
29° restrictive, 22° permissive allele at the suppressor of forked 
(su(f) 1-65.9) locus. When ts726 larvae are subjected to a sublethal 
pulse of the restrictive temperature, cel) death is induced in the 
imaginal discs. The resulting adults have a high frequency of deficien- 
cies and duplications for structures in the head and the mesothoracic 
leg (ibid). Histological observations indicate that the cell death is 
clustered in these discs (Clark 1976, Clark and Russell 1977) suggesting 
that these patches of cell death are creating tn sttu disc fragments 
analogous to those produced by surgery. 

In the present thesis the ts726 system will be used to induce dup- 
lications of the mesothoracic leg. The work is designed to investigate 
two main points. First, the predictions of the single gradient and polar 
coordinate models will be tested by a careful phenotypic analysis of a 


large number of mesothoracic leg duplications. Secondly, an attempt will 
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be made to determine whether the initiation and intermediate stages 
of growth of duplications are similar to those of normally developing 
legs. This will be done by comparing’ the results of somatic clonal 
analyses of duplications with the results of similar analyses done on 
normal legs. Similar results would provide strong evidence for the 


hypothesis that pattern duplications are formed by a reiteration of 


normal development. 
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MATERIALS AND METHODS 


Drosophila Stocks and Mutations 

The mutations, special chromosomes and stocks of Drosophila melano- 
gaster used are listed in Table 1. Except when otherwise stated a 
detailed description of the mutations and special chromosomes can be 
found in Lindsley and Grell (1968). All strains used were derived from 
stocks kept in this laboratory with the exception of Dp (3: 1)mah™ a dup- 
lication .carrying the wild type allele of multiple wing hairs [(mh 
[3-0.0]}distal to y on the X chromosome. This duplication was kindly 


supplied by Dr. J. Merriam. 


Culture Conditions 

Composition of the Medium 

Drosophila were reared in 1/2 pint glass bottles containing approx- 
imately 50 ml of culture medium or in shell vials containing approximately 
8 ml of medium. The yeast-agar medium of Nash and Bell (1968) was 
Used throuchout. This\ consistedsofidOie, yeast, 10 g sucrose “ip agar, 
1 ml propionic acid and 10 ug chloramphenicol per 100 ml of distilled 
water. The chloramphenicol and propionic acid are both added to the 
freshly cooked medium when it has cooled to 70° (all temperatures are 
given in degrees Celsius), but prior to pouring into individual culture 
containers. In some of the experiments the amount of chloramplenicol 
was varied from 0 to 100 ug per 100 ml of distilled water. In these 
cases the medium was prepared in quantity and poured into 500 ml flasks 
for the addition of the chloramphenicol. Care was taken to ensure 


proper mixing prior to pouring the medium into individual containers. 
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Table 1 


Mutations 


sat) 8 


wW 
A 


red 


Migie°? 


Chromosomes 
am 
ved 
yy 


C(1)DXx 


Bett esy\sc* 


TM6 


FM7a 


Dp (3: L)nmwh™ 


Map Position 


Mutations, Special Chromosomes, and Stocks of D. melanogaster 


Phenotype Reference 


1-65.9 ts lethal (see text) Russell (1974) 
1- 0.0 adult body and bristles Lindsley and 
yellow Grell (1968) 
1-56.7 bristles forked and ks 
gnarled 
1-56.7 the most extreme f ad 
allele 
1-33.0 vermilion eye color a 
5=- 0,0 cell hairs of wing and 
other surface areas 
multiple, aristae also 
affected 
1-21.0 bristles singed, female 
fertile allele 
1-).1.5 white eye color . 
3-70.7 adult body black, ¥ 
heterozygote intermediate 
3-53.6 red malpighian tubules ‘ 
eyes brown 
3-28.9 a strong Minute Garcia-Bellido 


era (1973) 


Description Reference 


and ac* Lindsley and 


Grell (1968) 


a duplication carrying yr 
On The Lip: or 4 

Y +t 
a duplication carrying su(f) on 
the tip of Y 
a reversed acrocentric compound X 
chromosome which is heterozygous for 
In(i)d149 
the aneuploid segregant from 
T(1:3)sev¢/+ 
Third Multiple 6, a multiply inverted 
third chromosome 
First Multiple 7a, a multiply inverted J. Merriam 
X chromosome (1969) 


a duplication of distal 3R on the tip J. Merriam 
of the X chromosome isglated by (personal 
recombination of a 3:Y translocation communication) 


with an XY chromosome 
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Table 1 continued 


Stocks 


C(1)Dx/B°Y/y v f 726 
C(1)DX/y*¥/w sn® 1(1)ts538 
Dp (3:1) mah” y v f 726/EM7a; moh/moh 
wW ae 726/B°Y; moh e/mn e 
726/Y; muoh/moh 
Coe 


yu f 
yv f 726/Y; Dp(4s3) sao* y* M(3)¢°°/TM6 


19 


Sane sent * 


- . 


- : 2 
i 
r 
aes 
. 
4 
i 
- 
~ *s 
a 
‘ Pad 
= ® 
‘ 
fe ied 
‘ G — 
. 
- 
1 
e 
% 
’ 
.* 
i 
¥ 


Mating and Egg Collection 

Accurately staged, synchronous cultures of Drosophila were obtained 
for experimental manipulation from timed egg layings. Parental females 
were collected as virgins, mated and the adults held for 3 days prior to 
beginning the egg collections. During this holding period the adults 
were transferred to fresh medium daily to prevent egg retention by the 
females. Egg collections were made by exposing the parental adults to 
fresh medium for 4, 6, 12 or 24 hours as noted in each experiment. Larval 
ages and treatment times are given in hours after the midpoint of the egg 


collection period. 


Experimental Techniques 

Temperature Treatments 

Sublethal 29° treatments were used to induce cuticular abnormalities 
in the ts726 experimental subjects. The temperature regimen for all 
such experiments was as follows. Eggs were collected at room temperature, 
less than 25°. Immediately following the collection the eggs were 
transferred to a controlled temperature incubator maintained at 22°. 
Each egg collection batch was incubated at 22° for a predetermined period. 
For the 29° treatment each batch was transferred to an adjacent 29° 
incubator for a predetermined number of hours. The collection batches 
were then returned to 22° to complete development. The times of incuba- 
tion are given in each individual experiment, and were controlled to 
within +15 minutes and the temperatures to within +1° of the stated 
Wades . 

For convenience the temperature conditions under which the larvae 
were reared are indicated by an abbreviated notation. For example, an 


egg collection batch incubated at 22° for 72 hours from the midpoint of 
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the egg collection and then transferred to 29° for 48 hours would be 
described as having received a 72 hour 22°/48 hour 29° treatment. 
Radiation Treatments 

Radiation treatments were given to developing larvae either to in- 
duce somatic recombination (Becker 1957) or in studies of the effects 
of radiation on development. Gamma radiation was used, and was given by 
exposure to a Cobait°? source which at the time had a dose rate of 2500 
rads per minute (Dr. S. Quah pers. comm.). Individual doses were controlled 
by varying the length of exposure, using an automatic timer. The larvae 
were irradiated in the original egg collection containers as the large 
numbers of larvae being treated made the transfer to new containers 
impractical. No correction for the type of container was made, as tests 
of the 1/2 pint bottles indicate that they absorb less than 1% of the 
radiation (Dr. A. Noujaim pers. comm.). It was assumed that the shell 
vials, being of lighter construction than the bottles, would absorb 
éven less of the radiation. 
Somatic Recombinatic: 


Two genetic systems were used in the somatic clonal analyses reported 


in this thesis. First, recombination was induced between the X chromosomes 


in mah” y v f36a ts726/w snd ts726;moh/mwh e females. Such a recombination in 


an imaginal disc cell will often result in the two daughter cells having 
a different genotype (Stern 1936). The exact differences 

depend on the location of the recombination event along the X chromosome, 
as shown in Figure 2. The descendants of these daughter cells will form 
two clones of marked tissue in the adult. According to the mitotic 


recombination map published by Becker (1974) the majority (74%) of these 


clones will be twin spots (Stern 1936, 1968), in which the descendants of 
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each daughter cell form a separate, visible spot. One spot will contain 
both trichomes marked with multiple wing hairs and bristles marked with 
Singed (mwh sn), and the other bristles marked with yellow and forked 

(y f). A description of the other 26% of the clones is given in Figure 
2. It is expected that not all of the single spots will be scorable. 
This is because the mesothoracic leg is not uniformly covered with tri- 
chomes and bristles, i.e., a y f spot in an area of the leg containing 
no bristles cannot be scored. 

The second genetic system used was a heterozygous Minute system 
(Garcia-Bellido et al. 1973, Morata and Ripoll 1975). Recombination 
was induced in the right arm of the third chromosome of y w ts726/ 
ep af £8726;Dp(1:3) se"", yr M(3)4°° /raoh females and y w f ts726/Y; 
Dp(1:3)se°* M(3)1°° /rwoh males. As shown in Figure 3, such a recombination 
in an imaginal disc cell may lead to the production of a single spot 
clone. One of the two daughter cells will be homozygous Minute and will 
die. The descendants of the surviving cell will form a single spot 
containing both trichomes marked with multiple wing hairs and bristles 
marked with yellow (mh y). The cells of this clone, being wild type 
for Minute, will grow at a faster rate than the heterozygous Minute 
background cells. Thus the clone produced in the adult will be large 
(ibid). 

Scoring of Mesothoracic Leg Abnormalities 

The mesothoracic legs from treated ts726 adults were scored for 
the presence of cuticular abnormalities and/or somatic cell clones. 
Eclosing adults were coliected for scoring from each egg collection 
batch at daily intervals. The eclosed adults were stored in 70% 


ethanol. When no more of the adults were likely to eclose, the uneclosed 
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pharate adults were washed from the sides of the container in a 7% sodium 
chloride solution. They were then collected by straining, washed in 
distilled water and stored in 70% ethanol. 

A sizable proportion of the ts726 pharate adults fail to eclose 
following a 29° treatment. The data from these adults was included in 
the results in one of two ways. Either all of the pharate adults were 
dissected from the pupa cases and scored along with the eclosed adults, 
or, when the large numbers made this impractical, a-sample of the pharate 
adults were selected from each treatment batch, dissected and scored. 

The adults were first separated according to genotype and were 
counted under a Wild M-S stereo dissecting microscope at a magnification 


of 25-50x. Then, the ts726 adults were cooked in 1N NaOH to remove the 


inner body parts. These cooked adults were then scored under the dissect- 


ing microscope. Those adults with abnormalities of the mesothoracic leg 
were dissected with fine iridectomy scissors and/or electrolytically 
sharpened tungsten needles. The two mesothoracic legs from each fly 
were mounted together between glass coverslips.in Gurrs water mounting 
medium for scoring under a Wild M-20 compound microscope at a magnifica- 
tion of 200-400x. 

The number of ts726 adults surviving to at least the pharate adult 
stage was compared with the number of control adults to give an indica- 
tion of the effect of the treatments on survival. The ratio of ts726 
adults/control adults is referred to as the relative survival of ts726 
adults, eg., 100% relative survival means as many ts726 as control 
adults reached at least the pharate adult stage. In those batches in 
which all of the uneclosed pharate adults were not scored the total 


number of ts726 adults was estimated using the fraction of the ts/726 
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adults in the sample of pharate adults. The calculation was done as 
follows. Let A represent the number of ts726 pharate adults in the sample, 
B the total number of pharate adults in the sample, C the total number 

of pharate adults in the batch, D the number of eclosed ts726 in that 
batch and E the estimated total number of ts726 adults in the batch. 


Then: 
(3) Ce Dp =e 


The frequency of duplications of the mesothoracic leg in 29° treated 
batches was calculated as a percentage of the total legs. In those cases 
where all of the pharate adults were not scored, the frequency of leg 
duplications in the sample of pharate adults scored was used to estimate 
the total frequency of duplications. The calculation was done as follows. Let 
F represent the number of leg duplications in the sample of pharate 
adults, G the number of duplications in the eclosed adults and H the 
percentage of duplications in all of the mesothoracic legs of that batch. 


Then: 


UF 


‘ ay) 26 + G} 


5 x 100 =H 
It is important to note that the relative survival frequency is a fre- 
quency of ts726 adults while the duplication frequency is a frequency of 
legs. 
Imaginal Disc Transplantation . 

In addition to the analysis of mesothcracic legs which had completed 
development in situ, a series of imaginal disc fragments were transplanted 


and their regeneration/duplication pattern studied after tn vivo cultur- 


ing. 
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Disc Preparation 


Imaginal discs were isolated for transplantation from mature, third 
instar larvae that had left the culture medium and were crawling on the 
sides of the container. These larvae were sexed by gonad size under the 
dissecting microscope (Demerec 1950) and the male ts 726 larvae were then 
dissected in a modified insect ringers (Chan and Gehring 1968), supple- 
mented with 100 iu/ml of penicillin, 100 ug/ml of streptomycin and 100 
ug/ml of kanamycin (Lee and Gaerhardt 1973). The mesothoracic leg disc 
were identified by their position in the larva (Demerec 1950) and were 
dissected from the cephalic complex using fine pointed forceps and 
electrolytically sharpened tungsten needles. The discs were then 
transferred to a glass depression slide in a drop of fresh ringers. 

They were then carefully examined for damage sustained during dissection. 

Undamaged discs were cut into fragments in one of two ways. Some 
discs were cut ee eta by pressing them against the glass slide 
with a tungsten needle. Others were cut using a blunt, hollow glass 
needle. In this case the needle was used as a punch to remove a small 
semi-circular fragment from the edge of the disc. Using needles with 
different diameters allowed the removal of different sized fragments. 

The half disc fragments and the larger fragments from the second type of 
cut were then drawn into a sharpened glass needle for transplantation. 

These needles were prepared by drawing a fine glass capillary pipet 
(Drummond "Microcaps" 100 ul) over a flame and then sharpening the point 
with carborundum powder or by fracturing (Ursprung 1967). A series of 
needles were made with tip diameters eet from approximately 50-150 um. 
Once sharpened, these needles were rinsed in 70% ethanol and were then 


coated with .1% silicone solution (siliclad) to keep the disc fragments 


a 


seth gat sipatad eke, eat | | : 
tor Wiis (OSL ve ghie®) exset aft i sodden 
bes aysonet mpreton, avit dates segs ; 
its Sia sept, Set re | 
eens. iene dn ‘gon 0-9. goitis ‘potunengst ‘ 
Pras eras benietenuc cgameb 2 Serine | 
ened .e~ew Ow? To. sre nt einige eet fae perry 
abd te emul. Lae SeMUALQE. aout gdiezeug wd outa | ‘pial 3u> 
eet worked: Tani¢ 6 gakey tuo. Se. ersisD. . ee. 
‘tines! « eyouet. oF oi 4 26 Seek abe olbaun pd oao: ently. a, 
Ait gotbes:. parcel -ogib of) 20. qgbe a3 werd. saat 2 
<penewaess bork: tosisitib to Levonsd ois bangle peaieanges ma — . 
20. papys Rnoxe2 sit? OMS: zsnomgand Teg 5ek vcs om eseuent 20h ad 
Apa saia! qiatcees2 - olieen m2atp bensqnde A oon saan ont om A 


on if a i 


a agit ene T bias cee hy ott 6 grivath yw berageng, ore sadbowt see cat 

meq ont artieqe are sett bos anelt.& apvo Chi 901. "et 

nus Nee ~82 rie mmuatxe gas gor gmngnss prnanih qis kw shaw ore eothgen 
aes, “oreten bow iiasien #08, ni boenin amon wotbeen azods shoneqsate 9090 
eta sayiert oaks 9A2 good 02 (belo ive) fot sudor ononiite #f. OR 


4 warune 4 SPREE -gaerqgea) | guiiwsoert yd sy rebwoq, 


28 


from sticking. Disc fragments were drawn into the needle by suction, 
using a mouth pipette. Care was taken to use a needle with a diameter 
approximately 1/2 that of the fragment. This was small enough to help 
to prevent the loss of the fragment by drawing it too far into the. 
needle and large enough to reduce fragmentation during implantation. 
Hosts 

Two types of hosts were used in these experiments. The disc frag- 
ments were either implanted into mature third instar mwh red e larvae 
for metamorphosis or were implanted first into the abdomen of an adult 
moh red e female for a period of growth. Cell proliferation occurs in 
the disc fragments under these conditions but differentiation does not 
occur (Bodenstein 1957, Schneiderman and Gilbert 1959 for review). The disc 
fragments were recovered after the tm vtvo growth periodand were im- 
planted into mature larvae for metamorphosis. 

The mature larvae used as hosts were collected, washed in distilled 
water, rinsed briefly in 70% ethanol and then rinsed in insect ringers. 
Next the larvae were etherized for 1-2 minutes and then attached to a 
glass slide with double sided tape for implantation. The disc fragments 
were implanted by injection using the hollow glass needles described 
previously. After implantation the larval hosts were washed free from 
the tape with insect ringers and placed in shell vials containing 
fresh medium to complete development. 

The disc fragment undergoes metamorphosis with the host jarve: and 
forms a vesicle of adult cuticle in the adult abdomen (Ephrussi and 
Beadle 1936). These vesicles were dissected from the hosts 1 day after 
eclosion, or from the pharate adult hosts that failed to eclose. The 


A ; . . : , 
vesicles were rinsed briefly in cold 5N NaOH to remove any host tissue, 
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were washed in 70% ethanol and were then cut open with tungsten needles 
to aid in scoring. After this preparation the vesicles were mounted 
between glass coverslips in Gurr's water mounting medium and scored 
under the compound microscope. 
Morphological Markers of the Mesothoracic Leg 

The morphological markers scored in the mesothoracic legs and in the 
vesicles are shown in Table 2. These markers are the same as those 
reported by Hannah-Alava (1958) or by Schubiger (1968) with the following 
exceptions. The 1GSt and 2GSt of Schubiger were scored as individual 
mes bot), 26t/, LSt6 and 25€6. The TST, Tse3, TSe2, mScl, mSc2:and 


3Sc2 are newly described (but see Postlethwait and Schneiderman 1973). 
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Table 2 Morphological Markers Scored in the Mesothoracic oy 


Thorax 
ST Sternal macrochaete 
ThB Thoracic microchaetae 
SP Sternopleural macrochaete 

Coxa 
St8 8 sensilla trichodea 
BH Hairy island bristle 
St4 4 sensilla trichodea 

Trochanter 

1St7 row of 3 sensilla trichodea 
25t7 row of 4 sensilla trichodea 
1St6 row of 3 sensilla trichodea 
2St6 row of 3 sensilla trichodea 
Stl single sensillum trichodeum 
Sers 5 campaniform sensilla 
EB Edge bristle 
Sc 8 8 campaniform sensilla 
Sc3 3 campaniform sensilla 
Sst5 row of 5 sensilla trichodea 

Femu. 
eel Single campaniform sensillum 
Scli 11 campaniform sensilla 

Tibia 
dite yl 4 large trichodea-like sensilla 
TSC: 2 large campaniform-like sensilla 
TS¢c3 3 large campaniform-like sensilla 
PAB Pre-apical bristle 
AB Apical bristle 
Tsp Tibial spurs flanking AB 

Tarsus 
mScl Single medial metatarsal campaniform sensillum 
mSc2 Pair of lateral metatarsal campaniform sensillum 
35c2 Pair of lateral campaniform sensilla on 3rd segment 
Un Ungues 
Em Empodium 
PB Pulvilli 
AP Unguitractor apodeme 
Unp Unguitractor plate 


1. After Hannah-Alava (1958) Schubiger (1968); see text 
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RESULTS 


The results are presented in three sections. The first deals with 
a description of the phenotype of the leg duplications induced using 
ts726. Samples of duplications were compared with unduplicated control 
legs and the patterns of abnormality defined. The second section deals 
with the effect of changing the 29° treatment conditions on the frequency 
of duplications in and on the relative survival of ts726 adults. Three 
factors were tested; the length and timing of the 29° treatment, the 
effects of combining radiation treatments and 29° treatments and the 
effects of changes in the culture medium. The third section deals with 
the cellular parameters of the initiation and growth of leg duplications, 
investigated using the technique of somatic clonal analysis. I was 
particularly interested in establishing whether or not the patterns of 
cellular activity in the duplicate legs were similar to those of normal 
Legs. 
Morphological Investigations of the Duplication Phenotype 

The first step in the investigation of the duplications induced by 
ts726 was a morphological analysis of the duplication phenotype. It was 
important to determine how the duplicated legs differed from normal and 
whether there were any patterns within the abnormal phenotype that could 
be identified. Accordingly, a large sample of leg duplications which 
had been collected by Russell (Russell, Girton and Morgan 1977) were 
examined in detail. 
Experimental Procedure 

Russell mated large numbers of ¢c(1)DX, y f/y Y virgin females coll- 
ected from a C(1)DX, y f/w sn° 1(1)ts538/y" Y virginater stock to 
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(called 726 males) and C(1) DX/B°Y females (called control females) that 
served as an internal viability control (Russell et al. 1977). Eggs 
from this mating were collected over 4 hour intervals and were divided 
into batches for treatment. Two batches served as controls, one contin- 
uously incubated at 22° and the other at 29°. The remaining batches 
were each given a 48 hour 29° treatment at one of several times in 
development. 

The resulting eclosed adults from each batch were collected and 
counted under the dissecting microscope and the 726 males with abnormal- 
ities were prepared for scoring under the compound microscope as described 
in the materials and methods. However, all of the uneclosed pharate 
adults were not scored in the same manner as the eclosed adults. 

Instead, the pharate adults were counted under the dissecting microscope 
and a sample of 50 726 males from each treatment batch was prepared for 
scoring under the compound microscope. This sample was selected without 
screening for abnormalities. The propor:ion of mesothoracic leg duplica- 
tions in each sample was used to estimate the total number of duplications 
in each batch, as described in the materials and methods. 

The frequencies of leg duplication in and relative survival of 726 
males for a sample of the treatment batches are given in Table 3. The 
29° control showed no survival of 726 males, indicating that ts726 is a 
non-leaky lethal at 29°. The 22° control showed no duplications and 
slightly higher survival than the control females, indicating that 
ts726 does not induce duplications or decrease survival at 22°. 

There was a large variation in both the duplication and the survival 
frequencies depending on the time at which the 29° treatment was given. 


Duplications were induced by treatments beginning as early as 34 hours 
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Table 3 Survival and DFP Frequencies in Relation to Time of 29° 


Treatment 
Time Shifted Number of Number of Welarive* 726 DFPs 
to 29 Control 726 Survival Pharate (#scored) (%)° 
(hr ) Females Males of 726 Males Males 
%) (%) 
30 1488 8 5 0 0 0 
34 1691 134 8 Pj 2 1 
38 1596 57. 4 21 2 3 
42 2170 349 16 1 28 4 
50 623 488 78 26 155 25 
58 1096 610 56 58 114 40 
66 1582 887 56 59 196 47 
74 868 472 54 35 243 38 
82 1225 628 al 44 167 34 
90 1603 1322 82 22 352 20 
O8-he 767 494 64 44 188 30 
106 1222 466 38 62 42 10 
114 B255 458 OW Te 19 9 
122 1236 344 28 95 5 3 
130 1246 881 aa 100 2 2 
138 1572 1431 91 100 0 0 
146 644 825 100 100 0 0 
154 1091 887 81 96 0 0 
162 1400 1241 89 87 0 0 
170 581 696 100 34 0 0 
Controls 
oS iy 1094 1384 100 - 0 0 
29° 890 0 0 - - - 


Data from Russell, Girton, and Morgan (1977) Table 2 

Calculated as described in the Materials and Methods (p.26 ) 
Calculated for each treatment by averaging the DFP frequencies 
among eclosed and pharate adult 726 males, weighted by the number 
in each category, as described in the Materials and Methods ino277 
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and as late as 130 hours. There was a broad peak of duplication frequency 
with the maximum (47%) occurring following the 29° treatment started 
at 66 hours. The relative survival of 726 males varied between 51-82% 
in the treatments showing a high (20%) frequency of duplications. 
A Description of the Normal Mesothoracic Leg Phenotype 

Before the abnormal leg phenotype could be determined it was nec- 
essary to define the normal leg phenotype. Accordingly, a sample of 
170 of the 22° control legs were scored under the compound microscope. 
First, each leg was scored for the number of elements (sensilla, bristles, 
etc) in each of the 32 cuticular markers described in the materials 
and methods. The resulting string of numbers for each leg was entered 
onto a punched card for computer analysis. The mean number of elements 
in and the standard deviation of each marker were then determined and 
are shown in Table 4. As indicated by the small standard deviations, the 
number of elements in the markers was the same in most of the legs. 
Next, the position of each marker, the rows of bristles and the areas 
of the leg containing trichomes were indicated on a diagram of the adult 
leg (Figure 4). The overall design of this diagram follows that of 
Steiner, although the tarsus was not represented in his diagram of the 
mesothoracic leg (Steiner 1976). 

Following the preparation of the diagram of the adult leg, a 
fate-map indicating the locations of the cells in the imaginal disc 
which will form each of the 32 morphological markers was prepared 
(Figure 5). This fate-map was produced by adapting the fate-map of 
the prothoracic leg disc published by Schubiger (1968) to the mesothor- 
acic leg. In this adaptation the markers characteristic of the pro- 


thoracic leg were eliminated, those found in the same location in both 
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Table 4 The Number of Elements in the Morphological Markers in 22° 
Control Legs 


More Number of Elements 
mean standard deviation 
Sf. Ta Do 
ThB ovt 0.4 
SP 220 Oe? 
St8 Bid OFZ 
BH thee 8) Ost 
St4 4.0 0.2 
tSt7 5.0 0.0 
256/ 4.0 OD: 
LSt6 <a 0.0 
ZSt6 5.0 OeL 
Stl 1,0 0.4 
Sc+5 5.0 Ore 
EB 1.0 On? 
Se 8 8.0 0.0 
Ses Ree 8 Ore 
St5 Se, 0.0 
Sci EEL, 0.0 
Setl tack Oe 5 
Ter 3.9 0.4 
ESCZ 20 0.0 
TSE 30 0.0 
PAB 10 Ors 
AB 8.0 0.0 
Tsp So 7, 
mScl iG 0.0 
mSc2 230 0.0 
Doce 20 0.0 
Un 20 Ged 
Em TO 0.0 
>) 2a 0.0 
Unp 70 0.0 
Ap 1.06 0.0 


1. Data from a sample of 170 22° control 726 males 


2. See materials and methods for marker definitions 
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Fate map of the mesothoracic leg imaginal disc prepared by 
adaptation of the fate map of the prothoracic leg imaginal disc 
of Schubiger (1968) and revised using the results of an 
imaginal disc transplantation experiment (see text}. The 
marker designations are given in Table 2. 


m = medial L = lateral 


38 
adult legs were retained unchanged and those characteristic of the meso- 
thoracic leg were positioned according. to their location in the adult 
Lez. 

A Test of the Mesothoracic Leg Fate-Map 

| The resulting fate-map was tested and refined by an imaginal disc 
transplantation experiment. In this experiment a series of imaginal 
disc fragments generated by defined cuts were implanted into mature 
larval hosts. Such fragments metamorphose with the host and normally 
form only those structures which they would have formed in sttu 
(Ephrussi and Beadle 1936, Schubiger 1968). 

The same genetic stocks and mating scheme were used as in the pre- 
vious experiment. Individual 726 male larvae were selected for treat- 
ment from cultures continuously incubated at 22°. These males were 
dissected in insect ringers and their mesothoracic leg discs were re- 
moved, as described in the materials and methods. Each disc was cut along 
one of the 4 lines shown in Figure 6 a on a fate-map and 6b on a 
photograph of a mesothoracic leg disc. Each fragment was then implanted 
into a mature larval host from a stock bearing the markers wh, red and 
ebony. Following metamorphosis of the host the vesicle of adult tissue 
formed by the disc fragment was recovered and prepared for scoring as 
described in the materials and methods. 

The frequencies with which scorable vesicles were recovered for 
each of the disc fragments are given in Table 5. On the average 22.8% 
of the implantations into mature larval hosts peailted in a scorable 
wesicle of adult cuticle. 

An example of the structures formed in a 2B disc fragment vesicle 


is shown in Figure 7a. This figure shows the trochanter and upper 
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Table 5 The Frequency with which Implants were Recovered after 
Injection into Mature Larval Hosts 


Fragment Attempts Implants - Success 
(%) 

1A 25 5 

B 25 6 

2A 27 6 

B aye 6 

3A 25 y. 

B Paes 4 

4A 26 4 

B 26 6 
Total 202 46 2248 


Figure 7 An example of a vesicle resulting from the implantation of a 
2B disc fragment into a mature larval host. 
(a) markers present in the trochanter 


(b) a fate map showing the location of the cut 
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femur of a 2B fragment. The structures formed are indicated in Figure 
7b on a fate-map. Only those structures from the lower half of the disc 
ave present, as expected. 

The results from the total series of 1/2 disc implants are summar- 
ized in Figure 8. The frequency with which each marker was found in 
each sample of vesicles is indicated. In this figure the markers were 
scored as being present if any portion could be scored. The markers 
present in each individual vesicle are given in Appendix A. In general, 
each fragment forms only those structures in half of the disc, as 
expected. There are, however, instances of overlap in which markers 
close to the line of the cut are found in both fragments. These may 
be due to inaccuracies in the position of individual cuts and perhaps 
also to the occasional bisection of the anlagen of markers with multiple 
units. The results agree well with the results of Schubiger (1968) 
for those markers included in his map of the first leg disc. 

The location of each of the characteristically mesothoracic markers 
was determined by observing which of the two fragments generated by 
each cut contained that marker. For example, the ST is found in frag- 
ments 1A, 2A, 3A and 4B. This indicates that the anlagen of the ST is 
in the lower half of the upper medial quarter of the disc, i.e., that 
area common to all four of these fragments. Each mesothoracic marker 
was located in this fashion, and the results used to revise the fate- 
map (the revised map has been shown throughout). No material differences 
were observed between the location of a marker by its position in the 
adult leg, and its location determined above. 


A Description of the Duplication Phenotype 


An example of a leg duplication induced by 8726 is shown in Figure 
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Figure @ A diagram indicating the percentage of cases in which a marker 


was found in half disc fragments after metamorphosis. In each 
case the marker was scored as being present if any portion of 
it was found. The number of cuses 15 indicated fo. gech - 
fragment type; sce Figure 5 for an explanation of the fragment 


designations. 
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9a. The two legs shown are from a single ts726 fly. One leg, the right 
leg in this case, is morphologically normal. The other leg is partially 
deficient and partially duplicated, i.e., some of the markers of the 
mesothoracic leg are not present, and the remaining markers are present 
twice. The two areas deficient and duplicated are indicated in Figure 9B, 
on a fate-map. Legs containing such deficiency-duplications will be 
referred to in this thesis as DFP’s. As can be seen from the examples 
shown in Figure 10, the duplicated sets of markers in a DFP show a 
mirror-image symmetry. 

The two portions of each DFP were separately classified on the 
basis of this difference in symmetry. Those portions showing ipsi- 
lateral symmetry, eg. "left-handed" symmetry in a DFP on the left side 
of the fly, were classified as Original portions. Those showing con- 
tralateral, eg. "right-handed"’ symmetry in a DFP on the left side of 
the fly were classified as Duplteate portions. This classification was 
partly based on data to be presented later and partly on the results 
of earlier studies on duplication in imaginal discs (Wildermuth 1968 a,b, 
Postlethwait et al. 1971, Ulrich 1971, Nothinger 1976). The results of these 
studies indicate that the duplicate is formed by a small number of cells. 
This suggests that duplication in imaginal discs occurs by epimorphosis 
(Morgan 1901). That is, that the new growth stimulated by the wounding 
of the disc produces the second set, or duplicate structures. If so, 
the first set would be formed by the cells already present prior to the 
wounding. If the organization of these "original" cells were to remain 
unchanged, they would be expected to form those structures with 
ipsilateral symmetry. 

In addition to the difference in symmetry, the two portions of the 


DEP were usually distinguishable on the basis of size. Whenever this 
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Figure 


iO 


Examples of marker duplications found in DFP legs: 

(a) trochanter with ist7, 2st7 and 1lst6 duplicated and 2st6 
deficient 

(b) trochanter with all rows of 2GST duplicated 

(c) duplication with one AB and partially duplicated Tsp 

(d) duplication with 2 AB and 2 sets of TSP. 

Markers as in text (p. ) 


nt 
i 


| ieeer Ste. Vaeee 


sae hot Bie uae 4 {i isi ‘ 


} - ; ado 2 sig 
: “bbe is 


; Beseadie . J Be ape ' 
ya Boyan ba Ue, eogliw 35 kA 
i. a nL Iwod Leal 


t 


tna ni 2h e108 


47 
was the case, the duplicate portion was found to be smaller than the 
original. In some cases this difference was extreme. In the example 
shown in Figurell, over half of the markers present in the. original 
are not present in the duplicate. This is illustrated by the fate-map 
shown in Figurellb, in which the areas not present in the duplicate 
are labelled "incomplete". Those duplicates not containing all of the 
morphological markers present in the original are referred to as incomplete 
duplicates. The source of this variation in the number of structures 
present in the duplicates is examined later. 

Investigation of the DFP Phenotype 

Several variables were considered in the investigation of the DFP 
phenotype. The frequencies with which each marker was deficient and 
duplicated, the size and location of the deficient and duplicated 
regions in the DFP's and the possible correlation of marker states 
within individual legs were examined. These variables were examined to 
determine whether a pattern of deficiency/duplication exists within the 
DFP's, and if so whether this pattern is the same in DFP's induced by 
29° treatments given at different stages of development. 

The data were from a sample of 893 DFP's from the 726 males in batches 
showing a high DFP frequency (34-90 hour heat treatment) in the experiment 
described above. Each DFP was scored under the compound microscope for 
the presence and number of elements in each of the 32 mesothoracic leg 
markers. The duplicate and original portions of each DFP were scored 
separately. The markers in each portion were recorded as a string of 
digits and entered onto computer cards for analysis. A separate computer 
card was used for the data from each portion of each DFP. 


The layout of these computer cards is shown in Appendix B. Each 
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card contained an identification number, indicating which treatment 
batch, fly and portion of DFP that set of data came from. The number 

of elements in each marker were recorded in a specific column or columns. 
This organization allowed computer subroutines to be used to sort and 
tabulate the data. 

The first such computer subroutine was designed to recode the data. 
Each morphological marker in the normal leg contains a characteristic 
number of elements, as shown previously (Table 4). Thus in a DFP 
whether a marker is duplicated or deficient can be determined by compar- 
ison of the observed number of elements with the normal number of elements 
for that marker. For example, an Sc'5 containing two sensilla is partially 
deficient while a mScl with two sensilla is duplicated. To facilitate 
comparison between markers the data were coded to indicate the status 
of each marker with respect to its normal state. The two cards contain- 
ing the data from each DFP were retrieved and each marker was assigned 
a singie numerical score which indicated whether it was deficient, 
duplicated or normal. 

The recoding scheme used is illustrated in Table&@ which also shows 
the combinations of marker states actually encountered. If no elements 
were present a marker was coded as being deficient (1). If elements were 
present in only the original portion of the DFP the marker was coded 
as being not duplicated (2, 3, 4) as shown in Table 7. If some elements 
were present in both portions of the DFP the marker was coded as being 
duplicated (5). If more than two complete sets of markers were present 
the marker was coded as being triplicated (6). 

This coding scheme can properly code as duplicated those cases in 


which less than one complete set of elements is present in both portions 
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Table 6 The Combinations of Marker States Observed in Original 
and Duplicate Portions of DFPs and the Codes ! Assigned 
to each Combination 


Number of Elements Present in the Duplicate? 


0 <Normal Normal >Normal 

Number 0 1 3 2, - 
of 

<Normal 2 5 5 5 
Elements 
Present Normal 3 5 5 6 
in the 

>Normal 4 5 6 6 
Original 


1. t=Marker deficient 
2=Partial deficiency 
3=Normal state 
4=Increased number of elements 
5=Pattern duplication 
6=Triplication (not observed in this sample of DFPs) 
-=Combination of marker states not found in DFPs 


2. The number of elements was considered normal when within two 
standard deviations of the mean in the 22° control leg sample. 
The normal range for each marker is shown in Table 7 
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Table 7 The Number of Elements Present in the Recoding Classes for 
Each Marker! 


Marker Number of Elements Present 
ST 0 1 2 3 
Ths ¢) 1-4 5-7 8-14 15 
SP 0) vy Z 3-4 5 
StB 0 1-7 8 9-16 Lf 
BH 0 : 2 3 
St4 0 1-3 4 5-8 9 
eSt7. @) 1-2 3 4-6 7 
25t7 0 1-3 4 5-8 9 
1St6 0 1-2 3 4-6 7 
2ac6 0 1-2 3 4-6 7 
St] 0 1 Z 5 
Sc) 5 0 1-4 5 6-9 10 
EB 8) 1 2 5 
Sc 8 0 1-7 8 O-16: 47 
Sc3 0 1-2 3 4-6 7 
StS @) 1-4 5 6-10 1i 
Sel 0 | 2 3 
Sc it 0 F210 obd=12:.0193<423 24 
TST 0 1-2 3-5 6-10 it 
TSe2 0 £ 2 3-4 5 
PSs 0 1-2 3 4-6 7 
PAB 0 i 2 Se 
AB 0 if 2 3 
Tsp 0 jad Soe) lke 
mScl 0 1 a 3 
mSc2 0 i 2 3-4 S 
Satz 0 1 Z 3-4 5 
Un 0 1 2 3-4 By: 
Em 0 1 Zz 3 
P 0 i 2 3-4 5 
Unp 0 : 2 3 
Ap 0 1 2 3 

Recode aie 1 2 3 4 6 


1. Recoded values: 1=Deficient; 2-Partial Deficiency; 3=Normal; 
4d=Increased number of elements; 6=Tziplication (see text). 
Any marker with two or more elements present may be classified 
as 5, a pattern duplication (See text). 
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of the DFP. Such cases might well arise in incomplete duplicates or 


when only part of a marker is removed by the deficiency and the remaining 


part duplicates. 
The Duplication and Deficiency Frequencies of Individual Markers 

It was observed during the DFP scoring that the markers were not 
deficient and duplicated at random. Some markers were deficient often 
and duplicated rarely, while others were deficient rarely and often 
duplicated. To clarify this observation the number of cases in which 
each marker was given a score of 1 (deficient), 2-4 (not duplicated) 
or 5 (duplicated) were determined for the 893 DFP's scored. These 
numbers are given in Table 8, ordered according to the procedure explained 
below. 

It is obvious that there is a great deal of variation in the fre- 
quency with which each marker is deficient. For example, the ST was 
deficient in 93% of the cases while over half of the markers were 
deficient in less than 1% of the cases. The frequency with whith each 
marker is duplicated does not show such a wide fluctuation. Also, 
the fluctuation in duplication frequency was not obviously correlated 
with the fluctuation in deficiency frequency. 

A question which arises at this point is the following: are there 
patterns in the variation in deficiency and duplication frequencies? 
One possibility is that these frequencies are correlated with the 
marker's position in the imaginal disc. Accordingly, the DF and DP 
frequencies were plotted on fate-maps (Figures 12 and 13). As can be seen 
from the figures, the average deficiency frequencies appear to be cor- 
related with marker position. The deficiency frequencies are high 


medially and decrease laterally. The average duplication frequencies 
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Table 8 The Number of Deficient, Duplicated, and Normal Cases 
for Each Marker 


Marker The Number of Cases DF/(fotal) DP/(Total) DEF/DP Rank ? 
Total? DF DP N 


ST Ser. (823 ae es 93 .039 2351 1 
2St6 S80-" ATO. 285. 134 53 bs: 1.65 2 
St4 66-421. 376 89 48 42 hd © 3 
BH S85.) A081 "404. 72 46 46 1.01 4 
1St6 S29 "314 362) 273 235 he 87 5 
Sts BBO) 972° 390 . 227 31 .44 Ie (8 
Sell Soo) 168 0607 ies .16 a ej ns 7 
Sc3 B90. 124) (So 5e0"1 71 .14 .67 pal 8 
2St7 889 «423mod 172 14 67 rai 9 
St8 877 25 239 613 .029 ee! -i9. 10 
iSt7 Soom «19° 776 4.94 .021 . 87 .024 11 
TSc3 876 16 695 165 018 79 .024 12 
cor 875 15 704" 159 DLS, . 80 1024. 43 
EB 887 8 441 438 . 0090 .50 01g 14 
AB 868 10. 622 256 Bi Py fe O16. 15 
3Sc2 732 3 239 490 0041 pf .012 16 
Sel 888 6 520 362 .0068 .59 mine tame a 
mSel 760 5 (513: 242 . 0066 .68 .0097 18 
mSc2 753 A ATS) 6330 .0053 .56 .0095 19 
Sel 831 5. 530 346 .0057 .60 .0094 20 
PAB 868 A Aa ASI . 0046 .50 .0092 21 
TSc2 875 4 A470 401 .0046 54 .0085 22 
TSP 868 5 702. 168 .0058 sai .0071 23 
Sc 5 887 5 703:N179 . 0056 .79 .0071 24 
Seg 8388 % 1653. 232 .0034 .74 0046 25 
Un 833 { (345° M67 .0012 .44 .0027 26 
ThB 724 300 334 .0014 54 0026 27 
AP 836 1. 408) -427 .0012 .49 .0025 28 
Unp 836 toe 255 .0012 .61 0020 29 
Em 835 1 514) 330 .0012 162 .0019 30 

P 835 Tees? 502 .0012 .64 .0019 31 

Sp 745 1 Slee .0013 .B2 .0016 32 


1. In this analysis, DF=1 N=2,3,4 Dp=5. No cases of triplication (6) 


were observed. ' 
2. The’ markers were ordered according to the DF/DP ratio, as described 


Iocae CeXT. é ata ” fs 
3, Variation in number is due to physical damage during preparation. 
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Figure 12 


The frequencies with which the 32 mesothoracic leg markers 
were deficient in a sample of 8935 DFPs, shown on a fate map 


(given as percentages). 
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Figure 13 The frequencies with which the 


duplicated in a sample of 89 
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mesothoracic markérs were 
shown on a fate map. 
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are not obviously correlated with marker position. 

The ratio of the number of cases in which a marker is deficient 
to the number in which it is duplicated (DF/DP) was calculated for each 
marker to provide a convenient, unified measure of the variation be- 
tween markers. The markers were then ranked by the value of this ratio, 
as shown in Table 8. The rank number of each marker was plotted on a fate- 
map (Figure 14). The markers in the upper medial quarter of the disc had the 
highest DF/DP values and the values descended laterally in a smooth 
gradient. The series of contours drawn on the fate-map illustrate this 
trend. 

Caution must be used in interpreting this result as the method 
used to recode the DFP markers may influence the ranking. Those markers 
consisting of a single element (SCl, EB, etc) will have only a few pre- 
cursor cells while those containing many elements (Scll, Tsp, etc) 
will have many more. This means that in cases where the marker is close 
to, or touched by the boundary of the deficiency the small markers may 
be more often completely deficient than the large markers, which will 
be partially deficient and partially duplicated and hence classified 
as duplicated. This will be especially important when the precursor 
cells for single element markers he physically close to those of mult- 
iple element markers. 

Given this caveat and given the low number of deficiencies observed 
for some of the more lateral markers, little confidence can be placed in 
the rank order of the markers in the lower portion of the table. Still, 
the pattern of the markers does not show any serious internal inconsist- 
ancies. Only two of the 32 markers do not easily fit within the series 


of simple contours drawn on the fate-map (Figure 14). 
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Figure 14 


The DF/DP rank orders for each of the 32 mesothoracic leg 
markers shown on a fate map. The contour lines indicate the 
shape of the gradient. 
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The Location and Size of Deficiencies and Duplications in DFP's 


The previous results indicate that medial markers are more often 
deficient than others in DFP's. However, the observed gradient in aver- 
age DF/DP frequencies only gives an incomplete picture of the pattern 
of deficiency and duplication. found in individual DFP’s. A question 
which therefore arises is the following: are the sizes and locations of 
the deficiencies and duplications in individual DFP's responsible for the 
Observed average gradient pattern. 

To investigate this, the 893 DFP's were first classified according 
to the markers deficient. All DFP's with the same markers deficient 
were grouped together into a deficiency class. A total of 115 such 
deficiency classes were found in the sample of DFP's. The markers de- 
ficient in each class, and the number of DFP's in each class are given 
in Appendix C. A representative sample of the deficiencies was selected 
and the area deficient in each was traced on a fate-map. The resulting 
map is shown in Figure 15. 

Several observations can be made from these results. First, the 
deficiencies generally affect contiguous sets of markers, i.e., the 
markers deficient in each case could usually be separated from the 
duplicated and normal markers on a fate-map by a single line. Secondly, 
the markers deficient were always those medial to this line. Thirdly, 
the deficiencies were usually at least partially overlapping, eg., while 
the borders of the deficiencies varied greatly, 831 of the 834 deficien- 
cies were all deficient for ST, 449 were all deficient for ST and 2St6, 
ms) for ST, 28r6 ana ot4*and 543% for ST; 256, St4 and BH . These are 
the first, second, third and fourth most commonly deficient markers 


respectively. Thus the observed pattern of marker deficiencies appears 
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Figure 15 A diagram showing the boundaries of the area deficient in a 
representative sample of 170 DFPs, traced on a fate map. The 
area medial to the line was deficient in each case. The 
sample was chosen by taking examples from each of the 115 
unique deficiency classes (Appendix C) according to the 
following scheme: 


1-10 DFPs in the deficiency class = 1 example 

11-20 DFPs in the deficiency class = 2 examples 
21-30 DFPs in the deficiency class = 3 examples 
31-40 DFPs in the deficiency class = 4 examples 
41-50 DFPs in the deficiency class = 5 examples 

51 or more DFPs in the deficiency class = 6 examples 
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to be the result of the deficiencies all being variants of a single 
category. They all affect medial, contiguous, partially overlapping 
sets of markers: 

Fourthly, the number of markers déficient in the DFP's is variable, 
ranging from a single marker (ST) to 20 of the 32 markers scored (see 
Appendix C). Most of the deficiencies were small, for example, 303 
DFP's were only missing the ST. At the extreme end of this range of 
deficiency size we may include another class of DFP’s in which no markers 
were deficient. In view of the variation in deficiency size it seems 
logical to classify these on the basis of their duplications alone. 

Finally, no indication of a difference in deficiency size between 
DFP's resulting from an early as opposed to a later 29° treatment was 
observed. The more frequent deficiency classes contained cases from 
all treatment batches, reinforcing the conclusion that all of the 
deficiencies are variants of a single category. 

The pattern :-of duplication in the DFP's is not as clear as that of 
the deficiencies. The duplications vary Poinacunni te to only a few 
markers duplicated. A sample of cases with different duplicate complete- 
ness was selected and the areas deficient, normal and duplicated in 
each are shown in Figure 16, drawn on fate-maps. As can be seen, 
structures are not duplicated at random, but often appear to form a 
complete circle of markers in the disc, In more complete duplicates 
this circle is larger, until in nearly complete duplicates only one or 
two markers in the duplicate are in a different state from the original. 

One possible explanation for this variation in completeness is that 
the 726 males are pupariating before the duplicate has completed develop- 


ment, since the 29° treatment cause a developmental delay of variable 
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Figure 16 


Fate map diagrams showing the areas deficient (DF), not 
duplicated (INC) and duplicated (DP) in four arbitrarily 
chosen DFPs. 
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duration (Russell 1974). This was tested by measuring the strength of 
the correlation between the duration of development of the 29° treated 
726 males and the degree of incompleteness of the duplicates. The 
duration of development was measured as the total number of days between 
egg laying and eclosion. Incompleteness was measured as the ratio of 
the number of markers in the DFP with a recoded value of 2, 3, or 4 
(i.e., not deficient and not duplicated) to the total number of markers 
present in the original. This ratio will vary between 0 andl. If 

the 726 males with the latest eclosion date have more complete duplications 
this correlation is expected to be negative. The correlation coeffic- 
ient, r, is -0.22. This is negative and significant (P<.05) however, 
r’, the amount of the variation in the incompleteness that can be 
explained by the correlation is only .05. Thus only a minor fraction 

of the variation in the completeness of the duplicates can be attributed 
to individual differences in development time. This may be on account 
of the fact that many discs are undergoing regeneration simultaneously 
following the 29° treatment. This will weaken any relationship that 


might exist between the completeness of the leg duplication and puparia- 


tion. 


Investigation of the Deficiency/Duplication Relationships in Individual 
DFP's 


In the previous results the deficiency/duplication ratios for 
individual markers were found to form a gradient on the fate-map, but 
no such simple, average pattern could be found for duplications. To 
attempt to clarify this situation, individual DFP's were examined for 
evidence of a correlation between the states of neighboring markers. 

A model has been proposed by Bryant (1971) that may be used to 


explain this behavior. He suggests that individual imaginal disc cells 
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have a fixed position in a gradient of developmental capacity and that 
cells are capable of regenerating only those structures with values 
lower in this gradient than their own. Thus a duplication would result 
from the removal of the high point of the gradient followed by growth 

of some of the remaining cells at the "cut edge" of the fragment. This 
growth would produce another copy of all of the structures lower in the 
gradient than the cells at the cut edge, leading to a duplication. The 
Similar phenotype of duplications induced by ts726 and by culturing disc 
fragments implies that the ts726 discs in which a patch of cell. death 

is induced are similar to disc fragments produced by surgery. 

If this is the situation in the ts726 system, then the local grad- 
ient levels of neighboring markers might be reflected in the deficiency/ 
duplication pattern of each DFP. For each pair of neighboring markers 
the higher marker should be deficient and the lower duplicated, but 
never the reverse. The existence of only one type of deficiency/ 
duplication pattern can thus be taken as 4 indication of the polarity 
relationship between two neighboring markers, with the deficient marker 
being higher in the gradient than the duplicated one. 

The data from the 893 DFP's were analyzed for such polarity re- 
lationships. For each marker a set of "nearest neighbors" was chosen. 
These represented the closest surrounding set of markers on the fate- 
map. A computer subroutine was then used to scan each marker and its 
neighbor set in each DFP for cases in which the chosen marker was 
duplicated and only one of the markers in its neighbor set was deficient. 
Such a case was taken as a valid indication of a pairwise polarity 
relationship. DFP's in which two or more of the neighboring markers 


were deficient were eliminated, as the polarity relationships are not 
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clear in such cases. For each marker the number of cases indicating 
a polarity relationship with each of its neighbors was counted. 


The results of this analysis are given in Table 9. Marker compar- 


isons which yielded no valid cases are not shown. To test whether var- 
iation in the neighbor set used had an effect on the resulting relation- 
ships the analysis was run several times with smaller, less restrictive 
neighbor sets for each marker. The relationships shown in Table 9 were 
not materially affected by changing the neighbor set. The individual 
relationships indicated by the original test are shown in Figure 17, 
drawn on a fate-map. A double headed arrow is used to indicate those 
cases where some ambiguity exists as to the relationship. For example, 
in the BH :St5 comparison 6 cases indicate BH is higher than St5 and 

3 cases indicate the opposite. However most comparisons yielded an 
unambiguous polarity as is shown. The overall pattern of relationships 
indicates that polarity is constant throughout the disc, as if a simple 
gradient exists with ST being at or near the high point and with values 
descending laterally. No internal inconsistancies exist in this pattern, 
i.e., paths formed by any combination of the arrows do not form closed 
Circles. 

This result agrees nicely with the expectations of the gradient 
model. According to this model each DFP is the result of regeneration 
in response to cell death removing the high point of a single gradient 
in the disc. If this were the case, the gradient high point would be 
located at or near the medial edge of the disc, very close to the 
marker ST. 

The single gradient model has recently been superceded by a model 
involving two positional coordinates, an angular and a radial value 


(French et al. 1976). This model can account for all of the results 
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Table 9 The Polarity Relationships Indicated between Markers by the 


Nearest Neighbor Analysis 


Markers Cases Markers Cases flarkers Cases 
A B A>B BoA A B A>B BoA A B A>B B>A 
ST > ThB 503:0 BH > Sc8 191:0 25t6> Scll 21:0 
ST > St4 286:0 BH > Scll vie Scl> TSc2 4:1 
STS. Sts 247:0 wo > Sc3 HIE Sc1> PAB 1:0 
ST > 1St7 259:0 Scii > Ses 120 2St7> Scl 79:0 
ST >: 25t7 250:0 stay ToT 108:0 mSc1 > TST 1:0 
ST > 1St6 266:0 2St6 > Sts 24:0 PAB > TSc2 120 
ST > 2St6 221:1 Sco > pc"s 530 TSc2 > mSc2 1:0 
EB>-SP 4:0 Scll > Sc3 1:0 T5c3 > ms¢l * Se | 
ScS> SP 1:0 oR Oe 1:6 PAB > 3Sc2 1:0 
ThB> EB 1:0 Sel2 stil 4:1 ABS nSel 1:1 
St4>-St8 1:0 Stl =siscZ i120 AB> Un 3:0 
St4> 28:0 IST =] Stl 66:0 AB> Ap 3:0 
St4> Sts 16:0 EB= Sc5 1:1 2St6 > AB 110:0 
St4>-Sc3 34:0 Scl2 EB 2:1 28t6>Tsp $2220 
St4> Sclil 16:0 BB= Tacd ie mSci> Em 2:0 
St4> 1St6é 1:0 EB= PAB 1:1 mSc1>P 3:0 
2St6> St4 3:1 Sc1> Sé5 4:0 mSc1> Unp 3:0 
St8> Stl 7:0 1st 7> S¢5 78:0° = 35¢2> Em 1:0 
Sts8> 1St7 1:0 Sc8> Scl 1:0 3Sc2> P 1:0 
St8> 2St7 1:0 Seni foi 9:0 2St6> 1St7 6:0 
2St6> St8 3:0 Scll> TSc3 73:0 2862) 25t7 6:0 
BH > StS 6:3 Scll> AB 1:0 2St6> 1Sté 3:0 
BH > Sc3 17:0 Scll> Tsp 1:0 
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Figure 17 A fate map diagram showing the local polarity relationships 
indicated by the nearest neighbor analysis. A double headed 
arrow indicates an ambiguous result in which the tests gave 
conflicting results. Only those cases in which every example 
indicated the same polarity relationship between markers are 
shown with a single headed arrow. 


66 


| ek i tia 


ms. MPGVG, Ti ; 


a, es 
2 =! 
7& VG fod Taye Ae rar te etter in . 


explained by the original single gradient model and for additional data 
with which the earlier model cannot cope. In addition, this model can 
be used to make several predictions regarding the generation of a dupli- 
cation. One of particular interest to the present work concerns the 
number of positional values of the leg disc which must be removed to 
initiate a duplication. The model predicts that half of the angular 
values of the disc must be removed for duplication to occur. The results 
of recent work (Schubiger 1971, Strub 1977 a,b) indicate the upper medial 
aacex of the first leg disc can regenerate all of the leg structures. 
This has been taken to mean that half of the positional yalues must be 
contained in the upper medial 1/4 or less of the first leg disc. 

The data presented above bears on this conclusion. In many of the 
ts726 induced DFP's only a small portion of the disc is deficient. 
For example, in 303 of the 893 DFP's only a single marker, the ST was 
deficient and in an additional 56 DFP's no marker was deficient. These 
data imply that the first and second leg might have a different organ- 
ization of positional coordinates, that 1/2 of the angular coordinate 
values in the leg are compressed into only a very small portion of the 
upper medial quarter of the disc or that the model is incorrect. 

However, there is an important difference in the techniques used 
to generate the duplications presented above and those on which the model 
is based. The model is based on the results of surgical fragmentation 
experiments in which cells are removed and the regenerative ability of 
the remaining fragment is observed. In the ts726 system patches of 
cells were simply killed and their remains left tm sttu (Clark and 
Russell 1977). his difference, a clean cut vs. a patch of dead cells 
may be important in wound healing and in the interaction of the surviv- 


ing cells of the disc, and thus in the initiation of a duplication. 
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a) 
In Vtvo Culturing of Imaginal Disc Fragments 

To test this difference an experiment was designed in which meso- 
thoracic leg discs with small, surgically created Mee tenets. covering 
the same area as the small ts726 induced deficiencies were cultured 
tn vivo. The same genetic system and general procedure was used as in 
the disc transplantation experiment designed to test the fate-map. 
Fragments were made by removing a small portion of the upper medial 
quarter of the leg disc with a hollow, blunt needle, as described in the 
materials and methods. The region of the disc removed by these cuts is 
shown in Figure 18/on a photograph of an imaginal disc. A series of the 
fragments were implanted into mature larval hosts to metamorphose, as 
before. A second series was first implanted into the abdomens of adult 
females for 5 days of t# vivo culturing prior to being implanted into 
a mature Jarval host for metamorphosis. If the small, medial cuts are 
identical in -effect to the small medial déficiencies induced by ts726, 
then these fragments should duplicate. 

The number and frequency with which scorable vesicles are recovered 
are given in Table 10. The control series shows a success rate of 20.0%, 
similar to that of the fate-map test. The tm vivo culture series shows 
a lower success rate, as might be expected for the more complicated 
procedure. The numbers of elements present in each of the recovered 
vesicles is given in Table 11. 

These results are not numerous, and must be analyzed cautiously, 
being of a very preliminary nature. Several observations can be drawn 
from these results which can serve as the focus for further experiments. 
First, in the control series the ST is always missing, and the markers 
surrounding it are often missing. This indicates that the cuts are re- 
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Table 10 The Frequency of Scorable Implants Recovered after 5 Days 
of tn vivo Culture 


Cut Attempts Scorable Implants 
Number Percent 
controls 
5 10 3 
6 10 3 
7 10 0 
30 6 20.0 
cultured 
implants 
5 aD § 
6 32 3 
7 20 1 
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of the deficiency varies from case to case, but it is usually smaller 
than the entire upper medial quarter of the disc. Secondly, no instances 
of pattern duplication were observed in the fragments cultured for 5 
days. The markers present were only present once and usually with the 
normal number of elements. Finally, in 6 out of & cases the ST was 
present. An example of such a case is shown in Figure 19, along with a 
control vesicle. Although it is impossible, of course, to be certain 
of which structures were actually removed from these discs by the cut, 
the fact that all 6 of the controls were missing the ST implies that at 
least a majority of the cultured fragments were also missing the ST. 
Thus, these 6 cases arevevidencée for the regeneration of the ST. 

As mentioned above, the preliminary nature of these results makes 
any Pie iene tentative. The few cases which resuited from tn vtvo 
culturing do suggest that discs with small deficiencies created by sur- 
gicalily removing cells in the ST region do regenerate. This is in contrast 
to the results from the ts726 system, suggesting that perhaps there may be 
a difference in the response of an imaginal disc to deficiencies induced 
by these two techniques. One possible explanation for this difference 
might be that dead cells interfere with the wound healing process in a 
manner which prevents regeneration and induces duplication. 

One important fact which has not been determined is the exact 
size of a surgically induced deficiency required to induce a duplication. 
An attempt was made to induce duplications by culturing 1/2 disc frag- 
ments (the lateral fragments, 1B). Only ome vesicle was recovered. In 
this a duplication of the tarsus had occurred. This is obviously an 


area where further work must be done before any definitive conclusions 


can be made. 
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Figure 19 Photographs of the vesicles resulting from fragments generated 
by the cuts shown in Figure 18. 
(a) when implanted into a mature larval host 
(b) when cultured zm vivo for 5 days prior to implanting into 
a mature, larvatvhost™ The sT is present. The marker 
designations are given in Table 2. 
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The Effects of Variations in Treatment Conditions 
on DFP Frequency 

This section of the results deals with the treatment conditions 
required for the induction of DFP's using the ts726 system. Very few 
DFP's were induced in an early experiment set up to do a clonal analysis 
of the DFP's induced by ts726, and a number of tests were done to deter- 
mine the cause of this low DFP frequency. The effects of varying the 
29° treatment conditions, of combining 29° treatments with radiation 
treatments and of changes in the composition of the culture medium were 
rested, 
Experimental Procedure 

The experiments reported in this section were ali done using the 
Same genetic stocks and mating scheme. In each experiment a number of 
Dp(3:1)moh" , moh” y v f ts726/FM/aj;mwhn/mun virgin females were mated to 
w sn® £3726/B°Y ;mwh e/muoh e males to generate mah YoDiy ta726/ 
moh y v f ts726;mwh e/mbh experimental females (called 726 females) and 
w od ts726/FM7aj;mohn e/mwh females (called FM7 females) that served as 
an internal viability control. 
The Initial Clonal Analysis Experiment 

In tis initial experiment eggs from the mating were collected 
over 12 hour intervals and were divided into 10 batches for treatment. 
Three batches served as controls, one continuousty incubated at 22°, 
one continuously incubated at 29° and the third given a 66 hour 22°/ 
43 hour 29° treatment. The remaining 7 batches were given 66 hour 22°/ 
48 hour 29° treatments and were irradiated at one of several times in 
development. 

The 726 and FM7 females, both eclosed and pharate adults, from each 
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batch were collected, counted and the 726 females were scored for DFP's 
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under the dissecting microscope as described in the materials and methods. 
The resulting DFP and survival frequencies for each batch are shown in 
Table 12. No 726 females survived in the 29° control and 100% 726 

female relative survival with no DFP's occurred in the 22° control, as 
expected. The 29° treated, unirradiated control shows reasonable (24.6%) 
DFP and relative survival (37.3%) frequencies. These are somewhat different 
from the previous experiment, but some differences are to be expected 
considering that different genetic stocks were used. 

Two highly unexpected results occurred in the 29° treated and irr- 
adiated batches. First, the batches irradiated between 54 and 210 hours 
show very low (0.3-5.3%) DFP frequencies and very high (99.3-100%} re- 
lative survival of 726 females. Secondly, the batch irradiated at 36 
hours shows just the reverse, a high (57.1%) DFP frequency and a low 
(14.5%) survival. These results are quite different from the results 
of the morphological experiment given previously (Table 3). 

Three differences between the conditions of this experiment and the 
previous £8726 experiment were considered as possible causes of one or 
both of these unusual results. First, different genetic stocks were 
used. It is possible that a genetic modifier of ts726 was present in 
these stocks which increased or otherwise changed the 29° treatment 
required to induce DFP's. This could account for the first result. 
Secondly, this experiment is the first in which combined radiation and 
29° treatments were used. Irradiation is known to kill Drosophila imaginal 
disc cells (Haynie and Bryant 1976) and has been used to induce duplica- 
tions when given to young larvae (Postlethwait and Schneiderman 19 


Postlethwait 1975). Thus it is possible that the second unusual result was 
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caused by the irradiation of young 726 females. Thirdly, it was learned, 
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Table 12 The Results of the Initial Clonal Analysis Experiment 


Larval Number of Number of Relauseee DFPs 
Age at FM7 120 Survival Number Percent 
Irradiation Females Females of 
Ger) 726 Females 
(%) 
36 482 70 1475 80 Sia 
54 358 443 > 100 47 55 
114 1357 1433 am nel) 12 OL 
138 1776 1764 99.3 21 0.6 
162 1096 1355 > 100 g 0.4 
186 1153 1343 > 100 6 O02 
210 599 662 > 100 10 0.8 
Unirradiated 
Controls 
225 663 749 > 100 0 0 
DAS a 1246 0 0 - - 
66/48 4 480 179 ne (Re 88 24.6 


Given in hours from the midpoint of the egg collection 
Calculated as the number of 726 females/ the number of FM7 females 
Percent of total legs 


Indicates a 66 hour a5 /48 hour mr: ke treatment 
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after the fact, that some cf the medium used in the initial experiment did 
not contain chloramphenicol (Dr. D. Nash pers. comm.). Since ts726 was 
originally isolated on, and up to that time always cultured bh medium con- 
taining chloramphenicol this difference might also have been important. 
Experiments were designed to test each of these possibilities. 
The Response of the ts726 Stocks to Varying 29° Treatment Conditions 

This experiment was designed to determine the DFP and survival fre- 
quencies of 726 females resulting from different 29° treatments. If 
there is a modifier or some other factor affecting ts726 in these stocks 
then only low frequencies of DFP's should result from a 66 hour 22°/ 
48 hour 29° treatment, but, higher frequencies might result from a 
29° treatment of longer than 48 hours or from a 29° treatment given at 
some other time in development. Accordingly, 8 batches of eggs were 
collected on medium containing 100 pg/ml chloramphenicol and were given 
different 229/29° treatments. Two batches served as controls, one contin- 
uously incubated at 22° and the other continuously incubated at 29°. 
Three batches were given 29° treatments of varying length, and the remaining 
batches were given 48 hour 29° treatments at different times in development. 

The DFP and relative survival frequencies for the 726 females in 
each batch are shown in Table 13. No 726 females survived in the 29° 
control, and 100% relative survival with no DFP's occurred in the 22° 
control, as expected. Increasing the length of the 29° treatment caused 
a decrease in the DFP frequency but had no appreciable effect on survival. 
The longest (66 hours) 29° treatment gave a lower (17.1%) DFP frequency 
than the 66 hour 22°/48 hour 29° treatment (32.1%). The timing of the 
29° treatment did have an effect on both the DFP and the relative sur- 


vival frequencies. The later treatment (90 hovir 22°/48 hour 29°) had the 
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Table 15 The DFP Frequency in and the Relative Survival of 726 Females 
After Different 29° Treatments 


Hours Hours Numbers of Numbers of Relative DFPs 
ae at 520° FM7 726 Survival 
Females Females of 726 Females # % 
(%) 
2 66 192 38 19.8 13 : 
72 60 240 50 20.8 29 29. 
Wiz 54 212 40 18.9 24 50. 
90 48 Ba5 7. 2nk 2 TAS 
78 48 133 A 53.4 ao 23 
66 48 46 14 30.4 9 52s 
Controls 
- Constant 220 0 0 - - 
Constant - 225 252 100 


1. Before exposure to the 29° treatment 
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lowest (14.5%) DFP frequency and the lowest (2.1%) relative survival 
frequency. Relative survival was higher (53.2%) and DFP frequency inter- 
mediate (23.2%) following the 70 hour 22°/48 hour 29° treatment. 

These results indicate that there is not a narrow range of 29° 
conditions far the production of DFP's using these stocks. Also, the 
66 hour 22°/48 hour 29° treatment results in a reasonably high frequency 
of DFP's and a less than 100% relative survival of 726 females. The 
results agree well with the results of the unirradiated control batch 
in the initial experiment and indicate that the response of these stocks 
to 29° treatments has not been altered in such a manner as would explain 
either of the unusual results. 
The Effects of Radiation Treatments on DFP Frequency and Survival 

As noted previously, radiation treatments of young larvae have been 
used to induce duplications in Drosophila (Postlethwait and Schneiderman 
E75, Postiethwaitsl975).\ The frequencies»produced: in; these experiments 
were low but it is nonetheless possible that the radiation treatment 
given at 36 hours was responsible for the high DFP frequency in the 36 
hour batch. It is also possible that radiation later in development 
supresses DFP production, i.e., that the late irradiation was responsible 
for the low DFP frequencies in the 48-216 hour batches. To test these 
possibilities, two experiments were done to determine the effects of 
varying the dose and timing of radiation treatments, both in combination 
with 29° treatments and on 22° controls. 

In the first experiment eggs were collected and divided into 19 
batches for treatment. Three batches served as controls, one was con- 
tinuously incubated at 22°, one was continuously incubated at 29° and 
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the third was given a 66 hour 22°/48 hour 29° treatment without irradia- 
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tion. Eight of the batches were given the same 29° treatment and were 
also irradiated with different doses. Four were irradiated prior to 

and four following the 29° treatment to assess the effects of ae Vs. 
late irradiation. The final 8 batches were continuously incubated at 

22° and were irradiated with the same doses at the same times as the 

29° treated batches. The number of eggs in each batch varied. The 22° 
irradiated batches consisted of 6-10 bottles, each with about 125 eggs, a 
total of 800-1200 eggs. The rest consisted of the same, or were 2 to 3 
times as large. This was done in an attempt to obtain a reasonable number 
of individuals from the treatments with low survival. 

The DFP and relative survival frequencies for the 726 females in 
each of these batches are shown in Table 14. The three controls responded 
as before, with no 726 females at 29°, equal numbers of FM7 and 726 
females and no DFP's at 22° and a reasonable DFP frequency and lower 
relative survival following the 29° treatment without irradiation. 

Three observations can be made from the results from the irradiated 
batches. First, early irradiation decreases the relative survival of, 
and induces some DEP's in 726 females at 22°. However, the effect is 
small at low (1000-2000 rads) doses. Considering the size of the dose 
given in the initial experiment (1500 rads), radiation alone cannot be 
responsible for the low DFP frequencies in the initial experiment. 
Secondly, irradiation at 36 hours followed by a 29° treatment preduces 
a marked increase in DFP frequency and a reduction in the relative sur- 
vival frequency. The DFP frequency following a combined treatment with 
1000 or 2000 rads was greater than the sum of the DFP frequencies from 
the radiation treatment and the 29° treatment alone. This suggests that 


an interaction occurs between the effects of these two treatments. The 


De cain I scisaiiieaialalall g ieee: 00 sone wt : 


Uy 
zr 


re 


st 5: rare vey yaa eit FO ene 


Siro es wat iow 


“et ghieiet Gi ens ve sstodoupaat t se SEI a RES NG 


gbhaicegne whereseos ae ake’ wie hh. cnet nia 
ger brie” all aii ‘ase eres +8 48 | 
‘ann f Reitz yansupe st bie o ilmctoonior ban "a | 
ie rail! bene rani oesuches et ce wo me ‘ai 
TT baret ody wac® eo ial amt Sint of onde 
‘eo  jeviwrte aviva! “ wi Sich aia nei settiort® xine et 
ey toerts on: sere ("ee reemienet Be nia’ - i 3 sah 
eee wit Qo exde ont ‘gereuuneizn” Jaotents ‘taba 
od tors’ endte sot seh aba Weary sete tat 
trenéragra iersned wae Mee eioeiouortt HO: wos ots. om 
ayqehotg pmambenss "et ye ey fever 40a mend ae os motsasborst x t , 
wit ovizetas oft ob settable! Saher Konner 1d -nl: ober 
ne idiots lietyh cn EB griwothe eontapen’t 130 edt sonnei 


[% 


tf sintstenenp ‘fa aed: Dee eae, ea nad? Meotawty! ene eh 0008 
eT me wd?’ bnew snomsee3: 0 ls 
Kuo | Re eerraet? cere, aeons: hey eine re eianaell | n 


Table 14 The Effects of Early and Late Radiation Treatments on DFP 
and Survival Frequencies in 726 Females 


Z9° Time Radiation Number Number Relative DFPs 
Treatment of Dose of FM7 Of 720 Survival in 726 Females 
Girs tat ,22°/ Lo. (Rads) Females Females of 726 

Hes at 29°) (Hr } Females 4 0 
(%) : 
72/48 - 0 426 288 67.6 ipa 297 
72/48 36 1000 184 85 46.2 90 52.9 
72/48 36 2000 76 5 oe) 6» »60.40 
72/48 36 3000 5 0 0 - - 
72/48 36 4000 0 0 0 - - 
72/48 168 1000 633 304 48.0 209 454.0 
72/48 168 - 2000 296 116 OS we BO 2408 
72/48 168 3000 467 25 49.9 LO0m 215 
72/48 168 4000 207 85 Al.i Ze) 15.9 
22° Constant - 0 290 289 100 0 0 
Y an 1000 289 305 100 5 0.8 
. 36 2000 203 101 49.8 So Lowe 
uN 36 3000 71 5 7.0 8 80.0 
nN 36 4000 0 0 ~ - ~ 
22° Constant 168 1000 178 183 100 0 0 
# 168 2000 © ae 248 100 0 0 
si 168 3000 53 65 100 0 6) 
i. 168 4000 9 6 6627 0 0 


29— Constant ~ 0 662 ) 0 
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magnitudes of the DFP and survival frequencies for the combined treat- 
ments are such as to suggest that this effect may be the cause of the 

high DFP frequency and low survival in the 36 hour irradiated Batch in 
the initial experiment. Thirdly, no marked effect of late irradiation 
was observed, although higher doses of radiation decreased the number 

of FM7 and 726 females. No DFP's were induced by late irradiation at 

22°, by even the highest dose given. 

Thus the combination of a 29° treatment with a radiation treatment 
shows no effect which might explain the low DFP frequencies and high 
survival of the irradiated and 29° treated batches in the initial experi- 
ment. However, the effect of early irradiation followéd by a 29° treat- 
ment may have been the cause of the high DFP frequency and low survival 
in the 36 hour irradiated batch. 

This possibility was further investigated by an experiment which 
was designed to measure more carefully the effect on DFP frequency of 
irradiation at several times in development. 


A sample of eggs was collected on normal medium and divided into Ll 


batches for treatment. Three batches served as controls, one continuously 


incubated at 22°, one continuously incubated at 29° and one given a 72 
hour 22°/48 hour 29° treatment. Four of the batches were given a 72 hour 
22°/48 hour 29° treatment and 1500 rads at different times in develop- 
ment. The final 4 batches were continuously incubated at 22° and were 
also given 1500 rads at different times in development. 

No 726 females survived in the 29° control batch, and no DFP's 
were produced in the 2% control, as expected. The 29° treated, unirrad- 
jated control showed a reasonable DFP frequency, and the 24, 36 and 48 
hour irradiated, 22° continuous batches showed a small DFP frequency 


(Table 15). The early irradiated, 29° treated batches show a 
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Table 15 Effect of combined 29° treatment and irradiation on 
DFP frequencies (%) in 726 females 


Not x? tor 


25" 297 interaction Prob. 
treated treated component 


Not irradiated 0.0 29.7 

Irradiated at 2.4 57.9 4.02 .US>Ps 025 
24 hrs 

Irradiated at PO 56D a 51 .LO0>P>.05 
36 hrs 

Irradiated at 0.4 SL 1.90 Ba ee 
48 hrs 

Irradiated at 0.0 cen? 0.00 POC 
168 hrs 


Determined from 2x2x2 x? analyses (Bishop, Fienberg and Holland 
'75) comparing in turn each irradiation with the unirradiated 
control. 
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greater than additive increase in the DFP frequency for irradiation given 


at 24 hours, but this effect decreased with increasing time of irradiation. 


The significance of this interaction between the effects of the 
early irradiation and the 29° treatment was tested for each of the 4 
irradiation times. This was done by arranging the data for each irrad- 
dation in a 2x2x2 contingency x? table (Bishop et al. 1975) with irrad- 
iated/not irradiated, 29° treated/22° constant and DFP/normal as the 
three variables. The 22° control and 29° treated unirradiated control 
data were used in each table. 

In Table 15 the X* for the interaction component and the probability 
of its deviation from 0 by chance alone are given. At 24 hours the 
fe Seacéian is significant (P = 0.03) and at 36 hours it is marginally 
significant (P = 0.06). However, at 48 hours and 168 hours the inter- 
action is not significant. 

The combined treatment DFP frequencies shown here agree well with 
that observed in the 36 hour irradiated batch in the initial experiment 
(57.1%). Taken together with the previous results, this experiment 
provides convincing evidence that the second of the unusual results 
was due to an interaction between the effects of the radiation given and 
the 29° treatment. An important point to be considered is the time at 
which these DFP's are being induced. Since the irradiation alone pro- 
duces few DEP's, it is likely that the majority are being induced at 
the time of the 29° treatment, i.e., the radiation is somehow increasing 
the sensitivity of imaginal disc cells to the effects of the 29° treat- 
ment. 

These results do not, however, provide any explanation for the first 


of the unusual results, the low DFP frequency and high relative survival 
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of 726 females in the 54-210 hour irradiated groups in the initial ex- 
periment. 
Effects of Chloramphenicol in the Culture Medium 

It was discovered after the initial experiment that some of the 
media used had not been supplemented with chloramphenicol, as was rout- 
inely the case (see materials and methods). This change was investigated 
as a possible explanation for the first unusual result. First, the 
effects on the DFP and survival frequencies of varying the amount of 
chloramphenicol were tested. Twelve batches of eggs were collected 
and reared on medium containing differing amounts of chloramphenicol. 
One batch on chloramphenicol free medium was continuously incubated at 
29° as a control. Four batches were given a 66 hour 22°/48 hour 29° 
treatment and the remaining 7 were continuously incubated at 22°. 

The frequency of DFP's in and relative survival of the 726 females 
in each batch is shown in Table 16. No 726 females survived in the 29° 
continuous control, indicating that ts726 is still a lethal at 29° on 
chloramphenicol free medium. The 22° continuous batches had no DFP's 
and 100% relative survival indicating that at 22° even at very high 
levels (up to 10 times that of normal medium), chloramphenicol alone 
does not induce DFP's. The 29° treated batches, however, had different 
DFP and survival frequencies, depending on the amount of chloramphenical 
in the medium. The batch on chloramphenicol free medium had a low (5.9%) 
DFP frequency and 100% relative survival. The batch on 50 ug/ml (1/2 
the normal amount) medium had an intermediate (12.5%) DFP frequency and 
95.5% relative survival. And, the batch on normal medium had the usual 
(25.5%) DFP frequency and lower (71.0%) relative survival. Increasing 


the chloramphenicol to twice the normal amount did not further increase 
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Table i6 The DFP Frequencies and Relative Survival of 726 Females on 
Medium Containing Differing Amounts of Chloramphenicol 


Treatment Amount of Number of Number of Relative DFPs 
(Hrs at 22°/ Chloramphenicol FM7 726 Survival in 726 Females 
Hrs at 29°) in the medium Females Femaies ob 720 

(pg/ml) Females # % 
66/48 0 104 5 > 100 12 5.9 
66/48 50 67 64 9505 16 12.5 
66/48 100 69 49 Tel) 2h eS os 
66/48 200 60 42 POLO 21 La 2 
22° Constant 0 93 109 > 100 0 0 
e 50 193 201 > 100 0 0 
He 100 225 248 > 100 0 0 
M 200 295 306 > 100 0 0 
i 400 260 282 > 100 0 0 
S 500 176 226 > 100 0 0 
‘i 1000 33 34 > 100 0 0 


29° 6Constant @) 76 0 0 
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the DFP frequency nor decrease the relative survival. 

As a conclusive test of this effect, a second experiment was designed 
which generated a dose response curve for chloramphenicol. Fourteen 
batches of eggs were collected on medium containing different amounts 
of chloramphenicol. Two batches served as controls, one continuously 
incubated at 22° and the other continuously incubated at 29°, both on 
medium containing no chloramphenicol. The remaining 12 batches were 
given 72 hour 22°/48 hour 29° treatments. 

The DFP frequency in and the relative survival of the 726 females 
in each batch are shown in Table 17, and the effect of the differing 
amounts of chloramphenicol is illustrated in Figure20. No 726 females 
survived in the 29° control and 100% relative survival with no DFP's 
occurred in the 22° control, as expected. The DFP and survival fre- 
quencies in the remaining batches show a definite dependence on the level 
of chloramphenicol in the medium. At 50-70 ug/ml the DFP frequency begins 
CO mise, reaching 25.5% at 100 ug/ml, the normal dose. The relative 
survival of 726 females remains at nearly 100% up to a dose of 70 ug/ml. 
At doses higher than this it declines, reaching 71.7% at 100 ug/ml. 
Again, increasing the dose to twice that of the normal medium did not 
appreciably effect the DFP or relative survival frequencies. 

The results of these two experiments convincingly indicate that the 
first unusual result of the initial experiment, the low DFP frequencies 
in and the high relative survival of 726 females, were due to the lack 
of chloramphenicol in the medium. As a final test, the DFP and survival 
frequencies produced by combined 29° and irradiation treatments on 
chloramphenicol free medium were examined to determine whether the pre- 


viously noted interaction is also dependent on the medium composition. 
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Table 17 The Chloramphenicol Dose Response Curve 


29° Amount of Number of Number of Relative Incidence of 
Treatment Chloramphenicol FM7 726 Survival DPPs in 
(Hrs at 22°/ in the medium Females Females of 726 26 Females 
Hrs at 29°) (ig/ml) Females (#7)  (%) 
(4) 
72/48 0 244 224 91.8 8 1.8 
72/48 10 148 138 100 fs 2.3 
72/48 20 213 206 96.7 9 enn 
72/48 30 14 113 1600 8 3.6 
72/48 40 188 180 Soe Le Seb 
72/48 50 45 42 2 ee 8 ea) 
72/48 60 136 izZ38 94.1 18 ta 
72/48 70 100 96 56.0 14 jee 
72/48 80 114 97 85.1 20 1239 
72/48 SO 140 105 7520 38 13.1 
72/48 100 135 96 ree 49 cs 
72/48 200 161 114 71.4 59 26.3 
Ze” constant a) 169 174 109 0 0 


29° constant 0 418 0 0 = 
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In this test 8 batches of eggs were collected, either on normal 
medium or on medium without chloramphenicol. Three batches served as 
controls, one was continuously incubated at 22° and one was continuously 
incubated at 29° on medium containing no chloramphenicol. The third 
control was given a 66 hour 22°/48 hour 29° treatment on normal medium. 
Three additional batches were given 66 hour 22°/48 hour 29° treatments 
on medium containing no chloramphenicol, two of which were irradiated 
with 1500 rads. The remaining two batches were continuously incubated 
at 22° on chloramphenicol free medium and were also irradiated. 

The DFP and survival frequencies of the 726 females in each batch 
are given in Table 18. The 22° and 29° controls are as expected. The 
29° treated control shows an appreciable DFP frequency (27.0%) anda 
lower relative survival (61.5%). The 29° treated and early irradiated 
batch shows a DFP frequency of 48.8%, which is much higher than the sum 
of the two individual treatments (6.8%). Thus the synergistic inter- 
action still occurs and produces a final DFP frequency of the same mag - 
nitude on chloramphenicol free medium. 

Summary of the Results 

Two interesting phenomena have been discovered in these experiments. 
First, the induction of significant numbers of DFP's in and the decrease 
in relative survival of 726 females by a 48 hour 29° treatment have 
been shown to be dependent on the presence of chloramphenicol in the 
culture medium, at nearly the normal dosage (100 pg/ml). Secondly, a 
synergistic interaction occurs between the effects of a 48 hour 29° 
treatment and a radiation treatment given early in development (24-48 
hours) which leads to an increase in the DFP frequency in and a decrease 


in relative survival of 726 females. 
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Table 18 The Effects of Varying the Amount of Chloramphenicol in the 
Medium on the Radiation - 29° Treatment Interaction 


29° Amount of Radiation Number Number Relative DFPs 
Treatment Chioramphenicol l of of Survival in 726 females 
(firs at 22°/ in the Dose Time FM7 726 of the 
Hrs at 29°) Medium (rads) Females Females 726 
(ug/ml) Females 
(%) Ch oe) 
66/48 100 0 ~ 403 248 61.5 134 27 0 
66/48 0 0 ~ 270 260 96.3 25 4.8 
66/48 0 1500 36 66 Al 62.1 40 48.8 
66/48 0 1500 162 246 209 85.0 rs pe ae 
72 constant 0 0 ~ 276 269 OT. 2 0 0 
22° constant 0 1500 36 181 198 100 8 make 
22° constant 0 1500 162 123 117 90.2 0 0 
fo constant 0 0 - 794 0 0 - - 


1. Given in hours after the midpoint of the egg collection period 
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In the initial experiments the most likely explanation for the 
reasonably high (24.6%) DFP and lower relative survival frequencies of 
the 29° treated, unirradiated control batch is that some of the medium 
used did contain chloramphenicol and that this batch was collected and 
reared on this medium. Caution must be used in comparing relative 
survival frequencies between experiments as survival is undoubtedly 
affected by many uncontrolled factors. For example, in the 29° treated 
control mentioned above, the relative survival was 37.3% where as in the 
later experiments survival on normal medium was usually around 70%. 

An increase in the experience of the experimenter may play a large factor 


in this difference between experiments. 
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Somatic Clonal Analyses 


The third section of the results deals with clonal analysis of DFP's. 


Two analyses were done in which the frequency of clonal induction, the 
Size of induced clones and the locations of clones were used to determine 
the number of cells present in and the patterns of growth of samples of 
DFP's and morphologically normal legs from the same flies. These results 
are compared with those from a series of 22° control legs. I was part- 
icularly interested in determining whether the intermediate development 
of duplicate portions of DFP's is similar to that of normally develop- 
ing legs. 
Experimental Procedure 

A large number of rman” yv f ts?26/w sn° ts726;mwh/moh e females 
(726 females) and w Pg ts726/FM7 ;mwh/mwn e (FM7 females) were collected 
from the mating described above. These females were collected as eggs 
from 24 hour layings and were divided into 19 batches for treatment. — 
The eggs were collected and reared in 1/2 pint bottles on medium con- 
taining 100 yg/ml of chloramphenicol. Three batches served as controls, 
one continuously incubated at 22°, one continuously incubated at 29° and 
one given a 72 hour 22°/48 hour 29° treatment without irradiation. A 
further 8 batches were given 72 hour 22°/48 hour 29° treatments and 
were irradiated with 1500 rads at different times in development to 
induce somatic recombination. The remaining 8 batches were continuously 
incubated at 22° and were irradiated at the same times with the same 
dose as the 29° treated groups. 

Eclosing 726 and FM7 females from each batch were collected, 
counted and the 726 females scored for DFP's under the dissecting micro- 


scope as described in the materials and methods. The eclosed 726 females 
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with DFP's and samples of the 726 females incubated at 22° continuously, 
both irradiated and control, were then prepared for scoring under the 
compound microscope as described. The uneclosed pharate adults were 
counted and a sample of 150 from each batch was dissected from the pupal 
cases and scored under the dissecting microscope. The 726 female survival 
and DFP frequencies were calculated using these samples, as described 
in the materials and methods. | 
The DFP and Survival Frequencies 

The DFP and survival frequencies for the 726 females from each 
batch are given in Table 19. No 726 females survived in the 29° con- 
trol, and the 22° control shows 100% relative survival and no DFP's, 
as expected. The 29° treated control shows a reasonable DFP frequency 
(24.5%) and a lowered survival (63.5%). The DFP frequency is higher than 
this (39.9%) and the survival lower (47.3%) in the batch irradiated at 
24 hours. This is likely due to the interaction between the effects © 
of the irradiation and the 29° treatments noted in the previous section. 
This is supported by the observation that the batches incubated at 22° 
continuously and irradiated at 24 and 48 hours had a small number of 
DFP's (1.0% and 0.7% respectively). None of the other 22° continuous 
irradiated batches had any DFP's and the 726 survival relative to the 
FM7 controls was 100% or greater in all of these batches. 
Scoring of Clones 

Somatic recombination induced by a radiation treatment (Becker 1957) 
or occurring spontaneously in the X chromosomes of imaginal disc cells 
of a 726 female will often produce twin spots or single clones, depending 
on the location of the recombination event along the X chromosome, as 


described in the materials and methods (Figure 1). Samples of the meso- 
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thoracic legs from the 726 females continuously incubated at 22° (re- 
ferred to as 22° control legs) of the morphologically normal legs from 
the 29° treated 726 females with a single DFP (referred to as 29° 
treated control legs) and of the DFP's were scored under the compound 
microscope for the presence of such clones. The 29° treated legs served 
as an internal control for the effects of the 29° treatment on imaginal 
disc cells. The clone frequency was recorded for each leg type in each 
batch as the mean number of clones per leg. 

Each clone in the DFP's was first scored fe location. Those 
clones marking structures in the duplicate portion of the DFP only were 
classified as D clones. Those marking only structures in the original 
portion of the DFP were classified as 0 clones. Those marking structures 
in both portions were classified as OD clones. Each clone was then scored 
for the number of marked elements (trichomes and bristles) present. 
Subtraction of Spontaneous Clones 

The following analysis depends on measuring the difference *:tween 
the clones induced by each radiation treatment, however, in each batch 
some clones will occur spontaneously. ee clonal analyses (Garcia- 
Bellido and Merriam 1971) have showr that most spontaneous clones occur 
late in development and are small. The inclusion of such clones will 
tend to decrease the mean clone size in those batches irradiated early, 
while those batches irradiated later will be less strongly affected. 
In an attempt to eliminate this source of error, the distribution of 
spontaneous clones expected in each treatment batch was subtracted from 
the data set. 

Samples of unirradiated 22° control legs, 29° treated legs and DFP's 


were scored for the presence of spontaneous clones. These clones occurred 
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with low frequencies (Table 20) and were variable in size, with the 
majority being small (eg., of 19 clones in unirradiated 22° control legs 
14 had 1-5 muh trichomes, 3 had 5-10, 1 had 54 and 1 had 150). Accord- 
ingly, the spontaneous clones for each leg type were divided into size 
classes with the class intervals chosen so as to reflect the number 
of cell divisions following induction of the clones. A frequency distri- 
bution for each size class within each leg type was then plotted. 
Finally, the expected number of spontaneous clones in each size class 
for each sample of irradiated legs was calculated, and these numbers 
were subtracted from the corresponding numbers of clones observed in 
each size class after irradiation. The frequency distributions for the 
spontaneous clones, subdivided according to size are given in Appendix D. 
The Frequencies of Induced Clones 

The frequencies of clones in each irradiation treatment batch after 
subtraction of the spontaneous distribution are given in Table 21 for 
the 22° control and 29° treated legs and in Table 22 for DFP's. To 
facilitate ‘comparison between the clone frequencies, the clone frequency 
et each irradiation time was plotted for the legs in each treatment class. 
The results of earlier clonal analyses (Bryant and Schneiderman 1969, 
Garcia-Bellido and Merriam 1971) indicate that in normal imaginal discs 
the clone frequency increases exponentially with the time of treatment. 
Assuming this also to be the case here, the clone frequencies were 
plotted on semi-logarithmic paper as shown in Figure 21 for the controls 
and in Figure 22 for DFP's. The lines in these figures were fitted to 
the data points as described below. 

The 22° control leg clone frequency data show a good fit to a linear 


increase with time of irradiation when plotted on semi-logarithmic paper, 
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Table 20 The Frequency of Spontaneous Clones in 22° Control Legs, 
29° Treated Control Legs and in DFPs 


Clone Number Number of Frequency 
Type of Legs. of Clones of Clones 
z Gentrol 250 19 | .08 
29° Treated 
control 185 16 U9 
O Clones 231 20 09 
D Clones Zot 13 .06 


OD Clones pod 0 0 
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Table 22 The Frequency oz Induced Clones in DFP Legs Marking 
Original Structures Only (0), Both Original and 
Duplicate Structures (0D) and Duplicate Structures Only (D) 


Clone Larval age at Number Number Frequency 

Type Irradiation of of of 

(hr) Legs Clones Clones 

fe) 24 64 9 .14 

48 60 16 . 26 

96 61 20 os 

120 136 41 «30 

144 5 39 42 

168 58 49 . 84 

192 37 60 ba ere 

216 11 lil 10.09 

OD 24 142 6 .04 

48 LSS 2 :03 

96 1e7 2 201 

120 154 1 OL 

144 159 A ey 
168 94 0 0 

D 24 142 10 07 

48 £o5 13 08 

96 A772 is 08 

Lo 154 20 ES 

144 159 21 13 

168 94 23 oe 

192 38 26 = 


jase’ 


t 


i 


pees 


aer HHS 


Clone Fraquency 


9 48 96 144 


Time of Irradiation (hr) 


frequency of induced clones in 22° control legs g———-» 
29° treated control legs & — — ~ . 
essed as the mean mimber of clones per leg. 
confidence intervals are shown about i 


101 


- 


tit toiate: Es oat mba bound,» 
nh Cans beaker “~ Pad Mi 


: sig 
© y 


102 . 


Clone Frequency 


Time of trradiation (hr) 


Figure 22 The frecuencies of clones marking only original portions (0) 
a — A duplicate pertions (D) @-———o , and both 
)} Abn—-—A of DFPs expressed as the mean number 
of clones ner ieg. 95% confidence intervals are shown for each 
point. The cuzves for the 22° control leg --...... and 
29° treated control leg ----.- clone frequencies taken 
from Figure 20 are included for comparison. 
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as expected if the clone frequency is increasing exponentially. Linear 
regression was therefore used to fit a line to these data points. 
First the clone frequencies were transformed to logarithms, and then a 
linear regression line was fitted to the data points by the least squares 
method (Snedecor and Cochran 1967). The regression coefficient for 
this line is given in Table 23. As a test of the assumption that the 
transformed clone frequencies show a linear relationship with the time 
of irradiation, the proportion of the variation about the mean explained 
by the regression, SS was calculated. For this line, 07% 72 in- 
dicating that the residual variance is very small, and thus that the 
assumption is validated. 

The clone frequencies in the 29° treated control legs do not show 
a linear increase with the time of irradiation when plotted on semi- 
logarithmic paper. As might be expected the frequencies are not sig- 
nificantly different from the 22° control clone frequencies at 24 and 48 
hours (i.e., before the 29° treatment) but they begin to deviate from 
control frequencies by 96 hours. The data suggest that the 29° treated 
control leg clone frequencies do not increase significantly between 96 
and 144 hours. This is the period during and immediately following the 
29° treatment. After 144 hours, however, the log of clone frequency 
appears to increase linearly with larval age at irradiation, at a rate 
similar to that in the 22° controls. Inspection of the data therefore 
suggests that the clone frequencies are affected by the 29° treatmént, 
but that the effect does not last more than 24 hours beyond the return 
tone 

In an attempt to confirm these conclusions, separate regression lines 


were fitted to the 96-144 and 168-216 hour points (regression coefficients 
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Table 23 Regression Coefficients for Clone Frequency and Clone Size 
in, 22°. Controi Legs ,-.29° Treated Control.Legs, and DFPs 


Type of Line 


Clone frequency 
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Clone 


size 
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Control 
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Treated 
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24-216 
96-144 
168-216 
96-144 
168-216 
96-144 
168-216 
24-144 
24-216 
96-144 
168-216 
96-144 
168-216 
96-144 
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in Table 23). Two tests were done on these lines. First, the lines were 
tested for similarity following the procedure outlined in Snedecor and 
Cochran (1967, ch. 14, pp. 432-436). No differences were cane in 

the residual variances (P>.25), however, the regression coefficients 
were Significantly different (P<.025). Secondly, the 160-216 hour line 
was tested against the 22° control leg clone frequency regression line. 
Neither the visidual variance (P>.25) nor the regression coefficients 
(P>.10) were significantly different. These results support the con- 
clusion that the clone frequency in 29° treated control legs increases 
at the normal rate from 168 to 216 hours. Thus the imaginal disc cells 
appear to recover their original rate of cell division between 24 and 
48 hours after the end of the 29° treatment. 

Clone frequency has been used as an indicator of the relative 
numbers of cells present in the imaginal disc (Garcia-Bellido and Merriam 
1971). The lack of increase in clone frequency between 96 and 144 hours 
can thus be taken to indicate that the total number of cells present 
in the 29° treated leg disc does not increase significantly during this 
period. The possible reasons for this are further investigated below. 

The frequencies of the three types of clones in DFP's, 0, D and 
OD, were also plotted on semi-logarithmic paper (Figure 22).. “The re- 
gression lines for the two types of morphologically normal legs are 
indicated on this figure for comparison. One observation that can readily 
be made is that the 0 clone frequencies are very similar to the 29° 
treated leg clone frequencies. Consideration of the 95% confidence 
intervals suggests that there is no significant difference between the 
frequencies of these two types of clones at any irradiation time.) eRe- 


gression lines were fitted to the O clone frequencies between 96 and 


md Heke ree nape pa 
it as : | “again s00 mattewnay? htt ao 


tre wet Fougs zt iveow aoa. 


‘om 
4 


ee ne ee eS Pm ee “en aS 0 wae 
ve : f , 


> Bey 8f newetoag ‘wchalvbb & ‘an ale ‘ates t 


Fer i Se al 


: 
ee Oe, 
am np ‘ai 5 a 


ee Nea.) oi it 
Mey Fi 


ek sate why Yo ‘eho ee ee meee 


awn irae" eet: chil Lat Re Prag) hit sad bam wilt | a at ae 
- grape ari BR. camel sean “ened > we 2 


' 
a) a OP es ore 
eres Be ay FS 


Lede Bekiud vi) te. 


er ; eo ev 
a We fS 3 by Dah hog, Ae ring 
e ‘ a. 
Arn 0 o De ie 
aay oy] eect argent * 


yitbnoer mea 267 Rebs aremete aD 
ic See gat Gs “ea Listy ene: per ‘we oe 
grabkaaay # aa) ante or sieve 

oAs tail sonra ae seni amas Yo a | 


om ‘mit Wd aides ne: oe eavicbnionctiae: 


144 hours and between 168 and 216 hours (Table 23). As might be expected 
the regression coefficients of these lines were not significantly diff- 
erent from the 29° treated leg clone lines (P>.50, P>.90 respectively). 

The D clone frequency is substantially lower than the O clone 
frequency at every irradiation time after 24 hours. In fact, the D 
clone frequency shows no significant increase between 24 and 144 hours. 
Regression lines were fitted to the 24-144 hour and the 168-216 hour 
sets of points (Table 23). These lines were compared with the 96-144 
hour and 168-216 hour O clone frequency lines respectively. The lines 
were not significantly different in slope (P>.50, P>.50) but were sign- 
ificantly different in elevation (P<.01, P<.05) 

Ingicontrast. to all other clone frequencies, the OD ‘clone frequency 
declines with increasing age at irradiation between 24 and 144 hours. 
No OD clones were observed in batches irradiated later than 144 hours. 
A regression line was fitted to the OD clone frequencies (Table 23) ha- 
No confidence intervals are shown for the OD points as there were only 
4 OD clones in the 96-144 hour treatment batches. 

These observations can be related to the original hypothesis of 
epimorphosis in the classification of the portions of the DFP's. 
According to this hypothesis, the original portion is expected to re- 
semble a 29° treated leg, while the duplicate is expected to have fewer 
cells, and hence a lower clone frequency, both of which occur. In 
addition, observation on the 0, D and OD frequencies can be related to 
the question of the timing of duplicate initiation and -STowtn 7 First, 
the lack of OD clones in the batches irradiated later than 144 hours 
implies that the two portions of the DFP are separate entities after 


144 hours. Caution must be used in interpreting these data as the 
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natural decrease in size of clones induced at later irradiation times 
will make the scoring of OD clones difficult. However, it seems reason- 
able to conclude that no significant recruiting of original ee into 
the duplicate occurs after 144 hours. 

The inflection point in the duplicate clone frequency curve after 
144 hours indicates that ithe duplicates begin to increase in cell number 
at about the same time as the unduplicated legs and the original portions 
resume normal growth. The previous observation on the OD clones supports 
the conclusion that this increase is not due to recruitment of cells 
from the original portion, but rather is the result of cell divisions 
within the duplicate. The insignificance of the difference between 
the regression coefficients for the O and D clone frequency lines 
between 168 and 216 hours implies that duplicates grow at about the 
normal rate. 

Taken together these results suggest that the duplicate is initiated 
by a small number of cells at or before 144 hours which begin to grow 
shortly thereafter. If this is so, then the D clone frequency at 144 
hours should reflect the number of cells present in the newly initiated 
duplicate. At 144 hours the D clone frequency is 13%. This is com- 
parable to the O clone frequency and the 22° leg clone frequency at 24 
hours (14% and 13% respectively), suggesting that the number of cells in 
the duplicate at initiation is comparable to the number in normal legs 
early in development. 

Clone Size 

Only those clones marking trichomes (moh anf or moh) were used in 

the calculation of clone size. This is because there are only about 450 


bristles on the mesothoracic leg surface so that a clone marking only 
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bristles has a minimum size of 1/450 of the leg (Bryant and Schneiderman 
1969). This, coupled with the uneven distribution of bristles on the 
leg surface will strongly affect the accuracy of any eeicartaei ons of 
the mean size of bristle clones. The much greater number of trichomes, 
and their more even distribution on the leg surface greatly reduces 
this problem, although it does not completely eliminate it. There are 
areas of the leg that do not contain either trichomes or bristles and 
hence could not be scored for clones (Figure 3). 

The clones were originally scored for the number of trichomes and 
bristles marked. This number was converted into a fraction, or relative 
measure of the clone size so that estimates of the number of cells 
present at the time of irradiation could be made. To make this conver- 
sion, the number of marked elements in each clone was divided by the 
total number of trichomes and bristles in the leg. Accordingly, samples 
Pretae 22 legs, the 29° “treated “legs and the DFP's were scored for the 
numbers of trichomes and bristl*s present. The samples contained 
oniy legs or DFP's with a clone. The numbers of legs scored and the 
mean numbers of elements present are shown in Table 24. As was noted 
previously, the duplicate portions of the DFP's were on the average 
much smaller and more variable in size than the originals, the 22° 
control or the 29° treated legs. 

To eliminate error caused by this variation, the number of tri- 
chomes and bristles marked by each D or OD clone was divided by the 
total number of trichomes and bristles in the duplicate, or DFP 
respectively in which the clone occurred. This could be done as each 
duplicate with a clone was included in the sample scored for trichomes 


and bristles. Averaging the relative sizes for all of the clones in 


way 
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a radiation Preatuent batch gave the mean relative clone size for that 
batch. 

The mean relative clone size for 0 clones and for the clones in 
22° control legs and 29° treated control legs was calculated by divid- 
ing each clene by the mean number of trichomes and bristles in the 
sample of legs scored. Approximating each of the legs by the appropriate 
Sample mean will not induce a great deal of error, given the smaller 
standard deviation in the sample, and it eliminates the necessity of 
scoring a large number of these large legs for trichomes and bristles. 

The mean relative sizes of the clones in each irradiation batch 
are given in Table 25. To facilitate comparison the mean clone sizes 
were plotted on semi-logarithmic plots, the 22° control. and the 29° 
treated leg clone sizes are shown in Figure 23, and those of clones in 
DFP's in Figure 24, 

A single regression line was fitted to the 22° control clone size 
points. As with the clone frequency, the points showed a reasonably 
e000 fit to this line i206. 7% . Inflection of the 29° treated leg 
clone size.data points again reveals clear evidence that the curve is 
broken into three distinct segments , 24-48, 96-144 and 168-216 hours. 
No change in clone size occurs between 24-48 hours while the 96-144 
and 168-216 hour periods show different rates of decrease. Regression 
lines were fitted to data in the latter two periods. Tests indicate 
that the slopes of these two lines are different (P<.05) and that there 
is no difference between the slcpe of the 168-216 hour line and that 
of the 22° leg clone sizes (P>.20). The regression coefficients are 
given in Table 25.. 


One observation that can be made from these data is that the mean 
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Table 25 Mean Relative Clone Sizes in 22° Control Legs, 29° Treated 
Control Legs and DFPs, Expressed as a Percentage of 
Total Leg Size. 


Larval age 22° Eantrol: 29° Pecateds of p? op” 

at Leg Clones Control Clones Clones Clones 

Irradiation Leg Clones 
24 3.41 2.28 Sr ge 13,92 eb, 
48 1.40 epee 3.00 15.84 2U5 
96 .48 1.06 i 12.88 .03 
120 fet ioe 72 10.56 mA fe 
144 we UE 34 ary: 7.48 . 04 
168 02 16 30 PS EI | 
192 sO4 .04 am ks 260 #390 
216 .006 .02 Ay 8 te Rie vot 

1. Calculated as 

n |The number of muh trichomes + sn bristles in each clone x100 


—| 


i/fn 5 | —_—————_ 
j=1| The mean number of trichomes + the mean number of bristles 


in the leg 


2. Caiculated as 
n lmwh trichomes + sn bristles in each O clone 
kin Zz 
i=1]Total trichomes + bristles in that duplicate 


x100 


Do GCalculeteduas 


in 3 lah trichomes + s bristles in each OD clone 100 


ua 
i=1iTotal trichomes + bristles in that DFP 
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Mean Clone Size 


0 48 96 144 192 


Time of Irradiation (hr) 


Figure 23 The mean relative sizes of clones in 22° control] #———s 


and 29° treated control e----.-- @ legs. Calculated as the 
number of elements in a clone divided by the number in the 


corresponding leg. See Table 25 for the exact formulae used; 


95% confidence intervals are shown for each point. 
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relative size of 29° treated control leg clones decreases Significantly 
between 96 and 144 hours. Comparison with the clone frequency curve for 
the same period suggests that the rate at which the clone frequency 
increases is much less than’the rate at which the clone size decreases. 
In normal imaginal discs the decrease in relative clone size during 
development is matched by the increase in clone frequency (Garcia- 
Bellido and Merriam 1971). The observations on the 29° treated control 
leg clone sizes suggest that the portion of adult structures formed 
by the descendants of a single cell declines during the 29° treatment, 
as it does during noha development, where as the clone frequency data 
indicates the overall number of cells is not increasing. One reasonable 
hypothesis as to how this occurs would be that the cell division rates 
of the imaginal disc cells at 29° are nearly matched by the rate of 
induction of cell death. 

The mean relative O clone sizes are strikingly similar to the 29° 
treated leg clone sizes, as might be expected eran the similarity of 
the clone frequencies. Two linear regression lines were fitted to the 
QO clone size points, one to the 96-144 and the other to the 168-216 
hour points. F tests demonstrate that neither the slope (P>.40, P>.50) 
nor the elevation (P>.60; P>.50) of these lines is different from the 
corresponding wanes for the 29° treated control leg clones. 

The mean relative D clone size is greater than the O clone size 
at every irradiation time. As with the clone frequencies the D clone 
sizes do not significantly change from 74 to 144 hours, and decrease 
rapidly thereafter. Accordingly, two linear regression lines were 
fitted to these points, one to the 24-144 hour points, the other to the 


168-216 hour points. F tests indicate that the slopes of these lines 
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are different (P<.01) and that the slopes of these lines are not different 
from those of the corresponding lines for the O clones CPaehO sae s50 
respectively), although the elevations of the lines are different 
(Ps.01,. P<i05),.. The line fitted to the OD clone size’ points is: not 
a regression line, but was simply drawn to indicate the trend of the 
OD clones. These clones were small and, as indicated earlier, infrequent 
after 48 hours. 
The observations on the 29° treated leg, the O and the D clone 
sizes provide further support for the hypothesis that duplication is 
Occurring by epimorphosis. According to this hypothesis the 29° 
treated leg and O clones should be similar in size while the relative 
size of D clones should be larger than either. This is what is observed. 
Estimates of. the numberof cells: present in each leg or DFP por- 
tion were made using the clone size data. First, the number of cells 
present at each irradiation time was estimated at 1/2 of the inverse 
of the mean relative clone size (Becker 1957, Bryant and Schneiderman 
1969, Garcia-Bellido and Merriam 1971). In the DFP's, only O and D 
clones were used to estimate the number of cells in original and dupli- 
cate portions respectively. The OD clones were not used as only a part 
of each OD clone marks each portion of the DFP. 
The OD clones and the D clones were used in a second calculation 
to estimate the number of cells which become committed to form the 
duplicate was marked by the clone. The inverse of the smallest relative 
clone size in each treatment was therefore calculated. If the assump- 
tion is correct, this will estimate the number of initial ceils. This 
is analogous to the smallest patch size analysis done on gynandromorphs 


(Stern 1963, see also Wieschaus and Gehring 1976b). There have been 
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criticisms of this technique (ibid). Since the estimate is based on 
one extreme of the population of clones, fluctuations in the local 
growth rates with the disc will tend to make this an overestimate. 
However, the estimation was done to allow comparison between the duplicate 
portions of DFP's and estimates of initial cell number in normal legs 
at blastoderm done using this method (see Madhavan and Schneiderman 
1977 for review). 

The resulting estimates of cell number are given in Table 26. 
The estimates for the 22° legs and the 29° treated legs are illustrated 
in Figure 25. The estimates of cell number in the original and dup- 
P¥eate portions of the DFP are illustrated in Figure 25. Im addition, 
the smallest clone estimates for the initial cell number are shown in 
Figure 26 for the 24-144 hour irradiation batches. 

Several observations can be drawn from these cell number estimates. 
First, the number estimated to be in the 22° control legs at 24 hours 
A Similar to .ether estimates of the number of cells in normaf® legs at 
this stage in development (Madhavan and Schneiderman 1977 for review). 
Secondly the number in 29° treated cotrol legs is somewhat higher than 
this at 24 hours. This may be due to the cell death decreasing the size 
of the clones induced at 24 hours. If, as indicated previously (Clark 
1976), cell death is induced by ts726 in contiguous patches, small 
clones will most often be either completely removed or unaffected by 
the death nace clones will more often be partially removed. ~ 

Thirdly, the number of cells estimated to be in the duplicate at 
144 hours (6.7) is considerably smaller than in the original at that 
time (96.1), supporting the hypothesis of epimorphosis. Fourthly, the 


estimates of cell number in the duplicate at initiation are very similar 
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Cell Number 


10 


Time of Irradiation (hr) 


Figure 25 The number of cells in the 22° control s»———=s» and 29° 


treated control legs @- — -» estimated at each 
irradiation time as half the inverse of the mean clone size. 
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Figure 26 
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The number of cells in the original 4- — -“ and duplicate 


@—————© portions of DFPs estimated as half the inverse of 
the mean clone size. Also, the number of cells estimated to 


e 
initidate the duplicate, 
smallest relative clone 
is shown for the 24-120 
the: 2 2°:.cont 

legs from Figure 24 are 
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estimated as the inverse of the 
size in each irradiation batch @--—---® 
hour batches. The cell number curves for 


- and the 29° treated control —-—.— 


shown for comparison. 
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to the estimates of cell number in normal legs at blastoderm. The 
smallest clone estimate remains constant at about 21 cells until 120 
hours. This is close to the estimates of 20 cells for normal eee 
derived from analyses gynandromorphs (Madhavan and Schneiderman 1977 
for review). The estimate of 6.7 cells from the mean clone size at 
144 hours is similar to estimates made on normal legs (7-10 cells) 
using the same calculation on normal leg clones induced in embryos 
(ibid). In addition, the rise in the smallest clone size estimate at 
120 hours indicates that the smallest clone induced at this time was 
not induced prior to the initiation of the duplicate. Since one cell 
division is required to segregate the initial marked cell of a clone, 
this means that in at least some duplicates cells are committed to 
form the duplicate within one cell division after the return to 22°. 
The rise in the cell number estimate calculated from the mean clone 
Size at 168 hours indicates that growth begins in most if not all of 
the duplicates within 48 hours after the return to 22°. 
Estimation of the Amount of Cell Death in 29° Treated Legs 

The clone frequency and clone size data presented above for the 
22° control legs and the 29° treated legs can be used to make an esti- 
mate of the amount of cell death induced by ts726 in the 29° treated 
legs. The difference in clone frequency between these two leg types 
at 144 hours is presumably due to the difference in the number of cells 
present. This difference is most likely the combined result of cell 
death and a reduced rate of cell division of the surviving cells at 29°. 
These components can be separated by considering the corresponding data 
for clone size. In normally developing legs the rate of increase in 


clone frequency is matched by the rate of decrease in clone size 
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(Garcia-Bellido and Merriam 1971). The cell cycle time can thus be 

estimated from the slopes of either of these curves, as demonstrated 
by the 22° control legs in the present study (19.6 hours from dione 

frequency and 20.0 hours from clone size). 

The clone frequency and clone size curves from the 29° treated legs 
do not show this reciprocal relationship between 72 and 144 hours. 

The clone size decreases much faster than the clone frequency increases. 
The two calculations based on the slopes of these curves do not agree 
(30 vs. 230 hours) and hence cannot be taken as estimates of the cell 
cycle time. This situation is what might be expected if cell death 

and a reduced rate of cell division in surviving cells are both occurr- 
ing at 29°. If the cell death were highly localized, as is indicated 
by histological evidence (€lark and Russell 1977), then cells in the 
surviving regions of the disc would continue to undergo somatic recom- 
bination and to produce clones. Thus the clone frequency could reflect 
the net effect of cell death and cell division on the size of the sur- 
viving cell population. If these two effects are nearly equal, the 
frequency of clones induced by X-rays would fail to increase over time. 
This is actually the case during the 29° treatment in the results 
described above. 

The rate of change of clone size, on the other hand, would depend 
largely upon the rate of cell division at 29°. Clones induced early in 
a population of cells undergoing both cell death and cell division would 
be larger on the average than clones induced later. This is because a 
localized pattern of cell death would usually lead either to elimination 
of a clone completely or leave its size unaffected. This will in fact 


depend on the relative sizes of the cell death patch, the clone and the 
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imaginal disc. If the clones are very large, i.e., occupy a substantial 
portion of the disc, then an appreciable number of the clones may 
partially overlap the cell death patch. If cases occur in which part 
of the marked cells are killed and the remainder are not called on to 
regenerate, then the mean clone size will be lowered. 

This large clone effect may be important for clones induced at 
24 or 48 hours, but not for clones induced during the 29° treatment. 
These should be too small to be partially affected by the cell death 
patch with an appreciable frequency. Thus the difference between the 
rates of change of clone frequency and clone size between 72 and 144 
hours will estimate the rate of cell death. 

Since ‘clone size decreases with time, ‘i.e., has anegative slope, 
the sum of the slopes af the clone size curve and the clone frequency 
curve should represent. the rate of decrease in: cell numberdue to: cell 
death. As shown in Table 23, these stopes are -0.027 and +0.0046 for 
the 29° treated control leg clones, giving a sum of -0.018. As the 
clone size and clone frequency lines were fitted to the logarithms of 
the data points, this represents the exponential rate of cell decrease. 
Using the formula reat exp(rt), where ny represents the final number 
Ofacel ls, ny the original number of cells, r the rate of increase 
or decrease and t the time interval, the number of dead cells present 
in the 29° treated control leg can be estimated. 

First, the number of cells which will survive the 29° treatment is 
calculated. The number of cells present in the 22° control leg at 72 
hours can be estimated from the clone size curve as approximately 70 
cells. The same number can be assumed to exist in the 29° treated leg 


at this time (i.e., before the 29° treatment). Substituting into the 
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equation gives an estimate of: 70 exp (-0.018x72 hours)=19 surviving 
celis. If these cells divided throughout the 29° treatment at the rate 
estimated from the clone size curve we expects (19,expu(0 .024x72hours)= 
98 live cells at 144 hours and 70-19=51 dead cells in the 29° treated 
control leg disc. This can be compared with the number of live cells 
expected had there been no cell death: 70 exp (0.023x72 hours) =362 
ceils at 144 hours. 

The ratio of secondary lysosomes to ceils reported by Clark from 
his study of 29° treated ts726 eye-antennal discs was 18% (Clark and 
Russell 1977). This is less than the ratio of dead to live cells cal- 
culated above (51/98=52%). Three explanations for this difference are, 
first, that each lysosome might represent more than one'dead cell. 
Secondly, the difference may be due to the fact that only one time 
point was sampled in the histological study, while the clonal analysis 
estimates are for the amount of cell death over the entire period between 
72 and 144 hours. Thirdly, there may be an inherent difference in 
the amount of cell death which occurred in these second leg discs in 
this ts726 stock following this 29° treatment and in the eye-antennal 
discs studied by Ciark. 

Investigation of the Variation in Duplicate Completeness 

The previous analyses cf the somatic cell clones in the duplicate 
portions of DFP's implicitly assumed a uniform population of duplicates 
at each irradiation time. However, it has been noted previously that 
there is considerable variation in the completeness of the duplicates 
after metamorphosis. The stage in development of the duplicates at 
which this variation arises is thus an important factor in the inter- 
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pretation of the clone data. For example, it would be important to 
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know whether the variation in duplicate size found after metamorphosis 
reflects variation in the size of the cell populations initially 
committed to form the duplicate after the heat treatment. The clone 
data and the data on the incompleteness of duplicates was therefore 
examined for correlations that might indicate when this variation arises. 

Three hypotheses were considered. First, the time of initiation 
of duplicate growth might vary, with each duplicate initiating growth 
at a random time after the 29° treatment. Those duplicates which initiated 
growth early would be more complete than those initiated later. Second- 
ly, the time of termination of duplicate growth may vary. Each duplicate 
may begin to grow at about the same time, but might stop growing at 
Pin times thereafter. Those which continue to grow the longest 
would be the most complete. Thirdly, the variation may be the result 
of Gat cerences,in. the number of cells that initiate the duplicates. 

If cell divisions occur at the same rate in all of the growing duplicates, 
those initiated. with the largest number of cells would be the most 
compiete. 

The first two hypotheses were tested by examining two correlations. 
First between the number of trichomes and bristles in duplicates with 
clones and the time of irradiation, and second between the number of 
trichomes and bristles in the duplicates with clones and the number of 
trichomes and bristles marked by these clones. The number of trichomes 
and bristles in a duplicate was used as a quantitative measure of com- 
pleteness of the duplicate. According to the first hypothesis, irradia- 
tion shortly after the end of the 29° treatment should induce D clones 
in only those duplicates which had begun to grow Barly ie es cco se 


which will be the most complete. A later irradiation, however, will 
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also induce D clones in incomplete duplicates. Thus the mean number 

of trichomes and bristles in duplicates with clones should be lower 

in later irradiation batches. Thus under this wippatn bets a nebavive 
correlation between the time of irradiation and the trichomes and bristles 
in the duplicates with clones is predicted. 

A second prediction from this hypothesis was tested by examining 
the second correlation. At any one time after the 29° treatment this 
hypothesis predicts that all of the duplicates will continue to grow 
for about the same amount of time. Thus all of the D clones 
induced in these duplicates will go through about the same number of ceil 
divisions and will mark about the same number of trichomes and bristles, 
independent of the completeness of the duplicates. This corresponds 
to a prediction of no correlation between the number of trichomes and 
bristles marked and the total number of trichomes and bristles in the 
duplicates in each irradiation treatment. 

The second hypothesis, that the variation arises through differ- 
ences in growth termination, predicts different results from these 
correlations. First, radiation given shortly after the end of the 29° 
treatment should induce D clones in all duplicates with a similar 
frequency, as they should all contain about the same number of cells. 
However, a later irradiation will only induce D clones in those duplicates 
that are still growing. These will be the more complete duplicates. 

Thus a positive correlation between the number of trichomes and bristles 
in the duplicates and the time of irradiation is predicted. 

Secondly, according to this hypothesis, at any one time after the 
29° treatment the amount of time each duplicate has left to grow will 


vary. Thus clones induced in those duplicates with a longer time to 
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grow will go through more cell divisions and mark more trichomes and 
bristles. Thus the more complete duplicates will have larger clones. 
This leads to a prediction of a positive correlation between the number 
of trichomes and bristles in the duplicate and the number in the clones , 
within an irradiation batch. 

The third hypothesis was tested by examining the correlation between 
the size of the duplicates and the relative clone sizes within irradia- 
tion treatment batches. Each clone is initiated by 1 cell and, assuming 
marked cells divide at the same rate as unmarked cells, the relative 
clone size or fraction of the duplicate marked will not change through- 
out development. This fraction can thus seem as an indicator of the 
number of cells present at the time of irradiation. According ta this 
hypothesis, those duplicates with the most cells at initiation will 
have the most cells at irradiation and will thus have the smallest 
relative clone size. These will also be the most complete duplicates. 
This gives a prediction of a negative correlation between the relative 
clone size and the duplicate size within a radiation treatment batch. 

The results of the correlation analyses are given in Table 27. 

Both the correlation of the duplicate size with the irradiation time 

and with the number of trichomes and bristles in a clone are positive 

and significant. This is in agreement with the predictions of the second 
hypothesis. In addition the correlation between the duplicate size and 
the relative clone size is neither consistantly negative nor significant, 
which argues against the third hypothesis. 

A variety of other models could probably be invented to account for 
the observed data, particularly in view of the fact that the models 


tested above are not mutally exclusive. However, the hypothesis that 
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Table 27 Coefficients of correlation (r) between the number of duplicate leg 
elements (A) and the time of irradiation (B), the number of marked 
elements in a clone (C) and the relative clone size (D) among 
duplicated legs with clones. 
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Coefficient 
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the duplicates are all initiated at about the same time after a 29° 
treatment with approximately the same number of cells and that the ob- 
served variation in final duplicate completeness arises through differ- 
ences in the time of termination of duplicate growth is favored by the 
results. This model also seems most plausible in view of what we know 
of the biology of the ts726 system. 
Clonal Restricticus in the Formation of DFP's 
The disappearance of OD clones at 144 hours in the previous results 
indicates that the two portions of the DFP become separate at about 
this time. However, the OD clones are small and scarce after 48 hours 
so this separation may simply reflect the technical limitations of the 
analysis. -‘Fhus the question as to whether the original and duplicate 
are separate has not yet been fully answered. Secondly there is the ques- 
tion of the compartmentalization of the duplicate. It has been shown that 
after a certain time clones will not grow across certain boundaries in 
normaily developing imaginal discs (Garcia-Bellido et al. 1973, Garcia- 
Bellido 1975). In the mesothoracic leg such a boundary has been shown to 
divide the anterior from the posterior (Steiner 1976). A natural question 
to ask is whether this boundary also exists in duplicates. 
These two questions were investigated by a clonal analysis using 

the Minute technique (Garcia-Bellido et al. 1973). In this technique 
marked clones which are also Minute” are induced in a heterozygous 

tnute background. Since heterozygous Minute cells grow more slowly 

than normal, the clones grow very large (Morata and Ripoll 1975). 
The large size of the clones increases the precision with which com- 
partment boundaries can be defined. In the present analysis the large 


clones were used to answer three questions. First, at what time does 
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the duplicate becomes separate from the original? Secondly, is there a 
compartment boundary formed in the duplicate? Thirdly, if a boundary 
forms in the duplicate, where and when does it form? : 

A number of yw f ts726/FM7a;mwh/mwh virgin females were mated to 


y v f t8726/Y;Dp(1:3)S0°* y* 


(3) 19° /mme males to generate y w f ts726/ 
yout ts726sy* M/moh females (called 726 Minute females) and yw ff ts726/ 
Ysy" M/mwh males (called 726 Minute males). Eggs from this mating were 
collected over 6 or 12 hour intervals and were divided into 11 batches 
for treatment. Two served as controls, one continuously incubated at 
22° and the other at 29°. One batch was continuously incubated at 22° 
and irradiated at 48 hours with 1500 rads. The remaining groups were 
given a 102 hour 22°/48 hour 29° treatment and were petite Oa at 

one of several times in development.after the end of the 29° treatment. 
The 726 Minute females and males were given an increased length of time 
Boece Sprior’to the 29° treatment (102 vs...72-hours for the: 726 females) 
to compensate for their slower rate of development (Stern 1936, Steiner 
1976)’. 

The DFP's and a sample of the morphologically normal legs from the 
22° irradiated 726 Minute females and males were prepared for scoring 
under the compound microscope as described in the materials and methods. 
They were then ectesite for the presence of clones. Somatic crossing 
over in the proximal portion of the right arm of the third chromosome 
in imaginal disc cells of these females and males will often produce 
a clone that is recognisable in the adult as a single spot containing 
trichomes marked with multiple wing hairs and yellow bristles (mh y) 
as described in the materials and methods (Figure 2 ). The cells of 


such a clone will also be wild type for Minute and will grow at a faster 
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rate than the background cells, producing a large clone (Garcia-Bellido 
wera. 1973); 

In addition to these large clones a sample of the twinspot clones 
from the previous experiment were scored ete determination of the 
compartment boundary in the duplicates. To facilitate comparison be- 
tween the two experiments the times of irradiation were translated from 
hours after the midpoint of the egg collection into hours after the end 
of the 29° treatment. 

The frequency of DFP's induced in, and the relative survival of 
heterozygous Minute females and males are given in Table 28. 

The Minutes show a lower DFP frequency than non-Minutes. This effect 
appears to be related to the Minute phenotype in some way, as the non- 
Minute sibs of these flies show a DFP frequency in the usual range (23.0% 
in the batch irradiated at 0 hours) after the 29° treatment. 
Determination of the Duplicate Portion of the DFP 

A sample of the DFP's from these 726 Minute females and males was 
screened for the presence of mwh y Minute” clones. The clones were 
first classified as being 0, D or OD clones. The numbers of each of 
these types of clone in each irradiation batch are given in Table 29. 
Clones were scored as being OD only if a contiguous patch of marked 
tissue could be ‘found which extended from the duplicate into the original. 
DFP's which had two separate patches of marked tissue, one in the 
original and a separate patch in the duplicate, were scored as having 
two separate clones. 

The frequency of clones is higher in these DFP's than in the non- 
Minute DFP's examined previously. Comparison of the expected frequency 


of recombination as given in standard induced mitotic recombination 
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maps (Becker 1974) suggests that this difference cannot be accounted 

for by the differences in recombination frequency eee the X and 

in the right arm of the third chromosome. A likely explanation for this 
difference is the well known increase in somatic recombination frequency 
associated with the Minute phenotype (Stern 1936, Morata and Ripoll 
he ) 

To answer the question as to when the duplicate becomes separate 
from the original, the number of OD clones present in each irradiation 
batch was examined (Table 29). Some OD clones appear in batches irr- 
adiated as late as 24-36 hours after the end of the 29° treatment, 
however, there is the possibility that these are not true OD clones but 
cases in which two or more clones have occurred which meet at the boundary 
Oo thes and D portions of thejDFP. The Minute’ clones in these DFP's were 
very large, so that an O and a D clone that both marked structures near 
the duplicate/original border might well be mistaken for an OD clone. This 
possibility was examined by comparing the number of observed OD clones to 
the number expected by the chance occurrence of two clones. This expected 
number was calculated as follows. 

The probability of two or more clones occurring in one DFP which 
Might resemble an OD clone can be Sabcubatedsny: multiplying. the pro- 
bability of one or more clones occurring in the original by the pro- 
bability of one or more eee in the duplicate. As these Minute” 
clones are very large, it is pene impossible to tell whether a large 
patch of marked tissue is one or two clones. Thus, the probability 
of one or more clones is estimated as 1 minus the observed frequency 
of originals or duplicates with.no clones. The calculation was done 


as follows. In a given irradiation batch, let o represent the. number 
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Table 29 The Frequencies of 0, D, and OD Clones Observed in,and the 
Number of OD Clones Expected in 726 Minute DFPs 


Developmental DFPs Clones 
Stage at # O D Putative Expected # 
Irradiation # freq tn. req OD # (O.+,D) OD 


che after 
29° treatment) 


0 81 aD ~43 14 ms rt (5) 6.0 
2 150 78 ae a ak 19 (10) 16.4 
24 Soe Se . 60 a7 wok 4 (10) 16.0 
36 58 59 67 24 . 36 be ay (12) 14.0 
43 22 gS als Wis 9 16 eS CG 
60 2556 ABh 1.98 Ze a 0 

Zz te 90 2 SS 24 Lae 0 


1. Calculated as described in the text (p. 124). 


nee 


ait: on 


4 


« ‘\ “ os iene 
re pial Pre A ig ie * 


# 
y Laue 
1 # 77 
rs 
1 
‘ 
os . ” 
sd 
o . *% 


OP a 


1 : 7 Gh vin . 1 . 
} reat ny wh y A see is f 
ih yc hE ain ke ERE, SRS Eom ee enn 


= oJ ¥ : } 
: rn i pol iy Mt sag 1 oy As 4 
a p a0 * ‘ 7 < AWS wey Meh, ; TRE Gy, oka : 
A i , ok | 
1 f ll eek + : a 
vi , } xa 
' 7A I on Aan 
, , ‘ 7 
o ( ae tr ae 
Ls A Dy at ¥ ry yas ae; ve. val 1 
; iv 
‘ a ay 
P 


A ¥ 


heat SA ne | eo 


1s ; OAT Nl bh (Ae is 7 
+ a wi fh ge aie : Pwo v 


134 
of original portions of DFP's in which no clones were observed, let d 
be the number of duplicates in which no clones were observed and let n 
be the total number of DFP's scored. Then the probabilities of one or 


more clones occurring in each portion of a DFP are: 
O d 
1 - bes, and 1 - ee 


for the original and duplicate portions respectively. Multiplying these 
together gives the probability of one DFP having one or more clones in 
both the original and duplicate portions (I represent this probability 


as do). 
| 6 dda 
id a oRae! = oo do 


Multiplying do by the number of DFP's in that irradiation batch gives 
Ehe, expected number of such cases. 

This number will, of course, be a maximum estimate as not all of 
the cases in which one or more clones occur in each portion of the DFP 
Wedde resemble an OD, clone.. To do so both the 0 clone(s) and D clone(s) 
must mark structures at the border of the original and duplicate portions. 
Those DFP's in which two distinct clones could be scored, one in the 
original and one in the duplicate (called 0 + D) are shown separately 
from those in which one contiguous patch of marked tissue extended from 
the original to the duplicate. No attempt was made to remove possible 
spontaneous clones from the data sets. It was assumed that these 
clones would be small and unlikely to be confused with OD clones. Also, 
all treatment batches would have an equal frequency of spontaneous clones, 
so if spontaneous clones are occurring which resemble OD clones, all 
treatment batches would have them, i.e., there would be a constant "back- 
ground" frequency of OD clones: Inspection of the data indicates this 


Peenot the case. 
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The expected number of OD clones for the 0-36 hour batches are shown 
in Table 29. At 0 and 12 hours after the 29° treatment substantially 
more than the expected numbers of OD plus O + D clones are Bear ved 
However, at 24 and 36 hours the expected number is greater or equal 
to the observed number, and by 48 hours no OD clones were observed. 
This lack of OD clones at 48 hours cannot be attributed to a decrease 
in the size of the clones. An example of a 48 hour D clone is shown in 
Figure 27. This clone marks a large area of this nearly complete dupli- 
cate, including the area along the original/duplicate border. 

Tt is impossible, of course, to say whether any given clone is an 
OD or is two separate clones, however, these results suggest that no, 
or very few true OD clones are induced by irradiation given at 24 or 
more hours after the end of the 29° treatment. This result agrees well 
with the earlier, non-Mimute clonal analysis and suggest that the original 
and duplicate portions of tne DFP do become separate within 24 hours | 
after the end of the 29° treatment 
Location of the Anterior/Posterior Compartment Boundary in Normal Legs 

Before the duplicate portions of the DFP's could be scored for the 
presence of the anterior/posterior compartment boundary it was necessary 
to determine the location of this boundary in normal legs. To do this 
the clones in a sample of the 22° control legs from the irradiated 726 
Minute females and males were scored for clone location. The boundaries 
of the marked trichomes and bristles of each clone were traced on stand- 
ard diagrams of the mesothoracic leg. A sample of the clone boundaries 
are shown in Figure 28a traced on a single diagram. 

In general the clones respect a boundary that agrees with that 


published by Steiner (1976). The tarsus, which was not shown on Steiner's 
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Figure 27 A photograph of a large D clone induced in a 728 Minute 
male by irradiation at 36 hours after the end of the 29° 
treatment. The clone appears to respect the border between 
the original and the duplicate portions of the DFP. 

y = yellow bristle, + = non-yellow bristle, mwh = trichomes 
marked by multiple wing hairs 
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~ 


the borders of clones in 22° control 
legs induced at 48 hours after the end of the midpoint of 
the egg collection period. The clones appear to respect an 


Figure 28a Two diagrams showing 


anterior/posterior boundary similar to that shown by Steiner 
(1976) with one exception noted in the text. 
A = anterior clones, P = posterior clones 

b The anterior/posterior boundary indicated by these clones 


drawn on the standard leg map. 
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maps, was asymmetrically divided by the boundary, with 5 bristle rows 
in the anterior and 3 in the posterior compartment (Figure 27b). One 
important exception was noted. Steiner's map indicates that the two 
rows of bristles in the trochanter are in separate compartments one 
in the anterior and one in the posterior. However, in the present 
study clones were found which appeared to mark both of these rows. Two 
examples are shown in Figure 29. In 28a, a portion of an anterior clone 
which appears to respect the boundary in the coxa and femur is shown 
marking the posterior row of bristles, In 29b, a portion of a posterior 
clone which also appears to respect the boundary elsewhere is shown 
marking this same row of bristles. 

To investigate this situation further, the number of clones that 
appeared to respect the compartment boundary and marked these trochanter 
bristles was counted (Table 30). Three observations can ne made from 
these data. First while anterior clones can mark posterior bristles, 
the reverse does not occur. Thus it is the "posterior" row of bristles 
that has a special status with respect to compartments. Second, 
approximately half (45%) of the anterior clones that approach this area 
mark the supposedly posterior bristles. Thirdly, when these posterior 
bristles are motked oy a clone, the chances are roughly 3:2 that it 
Will be a posterior clone. 

A possibility that must be considered is that this situation is 
a result of cases in which two clones were induced independently, one 
an AR and the other a PR which are contiguous in this area of the tro- 
chanter by chance. This is not likely for two reasons. First, the 
small amount of tissue marked in the portion of the trochanter defined 


as posterior by Steiner implies that these two clones must differ 
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Figure 29 Photograph of two clones in 22° control legs which both mark 


the row of trochanter bristles shown as being in the posterior 
compartment of Steiner's map. 

(a) A clone which is otherwise an AR clone 

(b) A clone which is otherwise a PR clone. 

y = yellow bristle + = non yellow bristle mwh = trichomes 


marked by multiple wing hairs 
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Table 30 The Number of Clones in each Compartment of 22° Control 


Number of 
AR Clones 
Marking 
the 
Posterior 
Bristles 


Number of 
AR Ciones 
Marking 
only the 
Anterior 
Bristles 


16 


Number of 
PR Clones 
Marking 
the 
Anterior 
Bristles 


Legs which Respect the Boundary and Mark the Posterior 
Row of Bristles in the Trochanter } 


Number of 
PR Clones 
Marking 
only the 
Posterior 
Bristles 


ra 


AR=Anterior clones which otherwise respect the compartment boundary 


PR=Posterior clones which otherwise respect the compartment boundary 
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greatly in size. This is not reasonable if both clones were supposedly 
induced by the same irradiation. If the PR is considered to be a small 
spontaneous clone, it is not likely that so many spontaneous clones {13 
in 260 legs) would all be posterior, all be at the boundary, all be 
found in legs with another AR clone and all mark the same area of the 
trochanter. 

Secondly, statistical calculations can be made to determine the 
number of expected legs in which two or more independent clones occurred 
in different compartments. The 13 cases considered in Table 30 were 
not the only cases in which a leg was found with both posterior and 
anterior compartments marked. In 12 other legs large areas of both 
compartments were marked. In 7 of these cases, however, the marked 
tissue was not contiguous and could be divided into an anterior and a 
posterior clone. Following the same method as was outlined above for 
the OD clones, the data was used to estimate the expected number of legs 
with one or more anterior and one or more posterior clones. In this 
calculation, the 12 cases with large anterior and posterior areas were 
considered to be two clones, while the 13 cases given in Table 30 were 
considered as single, anterior clones. With these assumptions there 
were 184 cases of anterior compartments with no clones and 213 cases 
of posterior compartments with no clones, in the 260 legs scored. 
Substituting these numbers into the equation described previously 
gives: 


Pegg 21S : 
{1 - GgqH{l - Gee} 260 = 15.8 


Thus about 14 legs are expected to have both anterior and posterior 
clones. This is slightly more than the 12 cases observed, but is cer- 


tainly not large enough to explain in addition the 13 cases of anterior 
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clones which mark posterior bristles in the trochanter. 


Determination of the Anterior/Posterior Compartment Boundary in Duplicate 
Portions of DFP's 


Following determination of the location of the compartment boundary 
in the 22° control legs, samples of D and OD clones were scored for 
evidence of a similar boundary in duplicates. First, the outline of 
each clone was traced on a standard leg diagram. A sample of the dia- 
grams showing the location of D clones from the 48-72 hour irradiated 
batches in the Minute experiment were combined and are shown in Figure 30, 
The clones do not cross a line which appears to be identical to the 
anterior/posterior boundary defined in the 22° control legs. These 
results indicate that there is a compartment boundary in the duplicates 
which is the same as that seen in normal legs. 

A question which naturally arises is: Does the boundary defined 
by the clones induced by late irradiation always exist, or does it 
arise at some time during the development of the duplicate? To answer 
this, the clones in esch irradiation batch were classified according 
to their behavior with respect to this boundary. The clones marking 
trichomes and bristles in both compartments were designated AP clones. 
Only those cases in which a contiguous patch of marked trichomes and 
bristles was found which extended from the anterior to the posterior 
was scored as an AP clone. Those clones which intersected the boundary 
but failed to cross it were designated "respecting" clones, AR or PA, 
depending on whether they were in the anterior or posterior compartment. 
Those clones which failed to approach the boundary were simply desig- 
nated A or P clones, for anterior or posterior respectively. 

In addition, samples of the twin spots from the previous, non- 


Minute clonal analysis were scored and classified in the same way. It 
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Figure 30 Two diagrams showing the outlines of all D clones induced hy 
radiation given 48 hours or more after the end of the 29° 
treatment. The clones appear to respect a boundary identical 
toethatuan ine 22° control legs. 

A = anterior clones, P = posterior clones 
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be noted that the two spots of a twin were scored as one clone, eg., 
if one of the spots crossed the boundary the clone was scored as being 
an AP clone. 

Following this classification the number of each type of clone in 
each irradiation batch was counted. First, in the non-Minute exper- 
iment, clones from batches irradiated prior to the end of the 29° 
treatment 19 out of 75 clones were found to be AP clones and no AR or 
PR clones were found. An example of such an AP clone is shown in 
Figure 31. This clone marks almost the entire duplicate. This suggests 
that the boundary is formed at some time during the development of the 
duplicate. To determine when this occurs, the kinds of clones initiated 
at and after the end of the 29° treatment were examined in both the non- 
Minute and Minute experiments. 

The numbers of clones of each type (AP, AR, PR, A and P) in samples 
taken from the non-Minute experiment are given in Table 31. At 0 hours 
(at the end of the 29° treatment) only AP, A and P clones were found. 

At 24 and 48 hours, however, AR and PR clones were also found. Clones 
induced at 72 hours were too small to reliably classify. These results 
suggest that the compartment boundary is formed between 24 and 48 

hours after the end of the 29° treatment. 

Three interesting clones were found in the 24-48 hour batches which 
were twin spots with one spot in each compartment. In each of these 
cases the muh sn® spot could be seen to respect the boundary. These 
clones indicate that the boundary is established within the space of 
a single cell division in an individual duplicate. There does, 
however, appear to be some variation between duplicates as to when this 


boundary is established. 
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Figure 31 A photograph of a very large OD clone induced in a 726 
female by irradiation prior to the end of the 29° treatment. 


This clone marks structures in both the anterior and 


posterior of the duplicate. 


y = yellow, forked bristle + = wild type bristle 
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Table 31 The Subdivision of D Clones into A, P, AP, AR and PR Types in 
726 Females Irradiated at or after the endof the 29° Treatment2 


Developmental 

Stage at 1 DFP Ct 

Irradiation # # 
0 Zoe ot 
24 260 40 
48 246 63 
72 vZ St 


ie VGiven aschoursearter: the 


26 
7A 


Clone Types 

aoe ee An ee PR 

Rea en 0 0 

ETE e me Pas 
e* 

of. AS eet a 4 

a ae lie 0 0 


end of the 29° treatment 


‘ 3 
Includes 1 leg with yf posterior and mwh sn AR clone 


} : ee a 
**” Includes 2 legs with yf anterior and rwn sn PR clones 
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See text for a description of the clone types 
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A question which arises here is, how many cells form the observed 
anterior and posterior compartments of the duplicate? Estimates of the 
total cell number in the duplicate have been made (6.7 and 21) rae the clone 
frequency data can be used to divide these into anterior and posterior 
portions. To do this the percentage of the clones marking only the 
anterior compartment in the duplicate was calculated for each irradiation 
batch (Table 32).- For comparison, the same frequencies for the clones 
in the 22° control legs, the 29° treated control legs and the original 
portions of the DFPs are also given in Table 32, The frequency in all 
of the legs is about 66%, and no obvious trend is noted from batch to 
batch. Thus the relative proportion of anterior cells appears to remain 
the same throughout the development of the duplicate, and it appears to 
be similar to that of normal legs. Multiplication of the total number 


of cells in the duplicate by the fraction of anterior clones gives 


estimates of 4.5 and 14 cells in the anterior compartment at the time of 


initiation of the duplicate, using the mean clone size and smallest clone 
size estimates, respectively. By subtraction, 2.2 and 7 cells are 


estimated to be in the posterior compartment at the same time. 


The data from the non-Minute experiment were not extensive enough 
to precisely define the time of appearance of the compartment boundary 
in duplicates. As a further investigation of this point samples of the 
clones in duplicates from 726 Minute females and males were examined. 
The frequency of the clones in these samples and the number in each 
Classification are given in Table 33. No AR or PR clones were observed 
in the 0 or 12 hour batches, and no AP clones were observed in the 48-72 
hour batches. A portion of two examples, AP and a PR clone are shown 


in Figure 32, 
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Table 32 The Percentage of Clones in 726 Female DFPs which Mark 
Only the Anterior Compartment in 726 Females 


Age at Percentage of Clones 
Irradiation 22° Control 29° Treated Original Duplicate 
Control Portions Portions 
24 67.6 61.9 70.6 68.8 
438 55).6 71.9 76%5 64.3 
96 69 .0 Oe <a 67.9 64.2 
120 64.6 onU 58.8 63.6 
144 | 66.7 70.0 65 .9 60.9 
168 Ten 66.7 12a 59.1 
192 61.0 69.8 65.0 73.9 
216 Soe O73 652 S254 
Overall 
average 6345 7O.F 66.9 66.3 
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Table 33 The Subdivision of D Clones into A, P, AP, AR and PR Types 
in 726 Minute Adults irradiated at or After the end of 


the 29° Treatment 


Developmental 
tage at i. 
Irradiation fs 
0 81 
2 150 
24 86 
36 58 
48 Ze 
60 25 
72 19 


1. Given as hours after the 


2. See text for a description of the clone types 


Clones Clone Types 

# % A P AP AR 
24 SH 10 A 10 0 
42° "28 23 yi PZ 0 
peo ee We 6, 25 a 3 0 
Oe ley SPSS 12 3 2 : 
is. 75 9 4 0 2 
235° «92 14 4 0 Z 
28 126 PS F 0 4 

end of the 29° treatment 
(p.142) 
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Figure 3 


Photographs of two D clones in 726 Minute females which mark 
the femur. (B) A PR clone which respects the boundary 

(A) An AP clone which crosses the boundary. The area marked 
by the clones is outlined. 
y = yellow bristle + = wild type bristle mwvh = trichomes 
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A question which arises at this point is: Are the AP clones ob- 
served actually two independent clones, one an AR and the other a PR, 
which happen to occur in the same duplicate? This is not likely as 
these batches contain several AP clones and no AR or PR clones. It 
is highly unlikely that all AR and PR clones in these batches occurred 
in matched pairs. In addition to this consideration, however, statistical 
calculations were done on the data from each irradiation batch to deter- 
mine the expected number of AP clones produced by chance alone. The 
calculations were the same as those described previously in the investi- 
gation of the OD clones in DFP's, In each calculation all AP clones 
were assumed to be two clones, one AR and one PR. The probability of 
two or more independent clones occurring in one duplicate was calculated 
as before, but an additional factor was added. Unlike the large 


° control legs, many of the clones in the dupli- 


clones induced in the 22 
cates fail to approach the compartment boundary. This is due to the 
decrease in clone size that occurs with later irradiation. Both of the 


clones must intersect the boundary before they can be mistaken for a 


Single AP clone. Thus the probability that both of the clones will 


approach the compartment boundary is included in the calculation. 

The calculation used and the resulting expected number of AP clones 
for the 0-36 hour batches are shown in Table 34. Very few apparent AP 
clones are expected by chance. This confirms that the observed AP 
clones really are single clones which do not respect the compartment 
boundary. Thus these results suggest that the anterior/posterior com- 
partment boundary is established in duplicates within 48 hours after the 
end of the 29° treatment. It is worth noting that the original/ 
duplicate distinction is established earlier, by 24 hours, at 
or just before the duplicates begin to grow (at 48 hours as indicated by 


the increase in clone frequency). 
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Table 34 The Expected Number of Cases in Which Two or More Independent 
Clones Might Mimic an AP Clonel 


Developmental 


Stage at 
Irradiation 


(hr) 


inn Galeulated as: 


(1 


where 
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(1-5 
number 
number 
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of Anterior compartments with no clone 

of Posterior compartments with no clone 

of duplicates scored in that batch 

of Anterior clones that respect the boundary 
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DISCUSSION 
The implications of the ts726 DFP phenotype in relation to curtent models 
of pattern formation 

One of the main purposes of the research reported in this thesis 
was to investigate the phenotype of ts726 induced DFP's, and to relate 
the findings to current models of pattern formation. Two observations 
can be made from the results of this analysis. First, the structures in 
the medial portion of the disc are often deficient and are rarely dupli- 
cated, while lateral structures are rarely deficient and are often 
duplicated. This is analogous to the pattern of deficiency and duplication 
observed in cultured leg disc fragments (Schubiger 1971, Strub 1977 a,b). 
Second, the deficiencies in the DFP's often include only a few markers, 
and in a sizable fraction of cases (56/893) do not include any at all. 
This is different from the disc fragment results in which discs with a 
small surgically induced deficiency in the upper medial quarter of the 
disc do not duplicate. 

These two observations can be related to the polar coordinate model 
of French et al. (1976) which was designed to account for the results 
of fragmentation experiments done on the first leg disc. This model 
proposes that the pattern of deficiency/duplication seen in the DPP"s “1s 
a consequense of there being a higher concentration of circular positional 
values in the upper medial quarter of the disc. Whenever a patch of cell 
death removes enough of the cells in this region to eliminate half of 
these values, the confrontation of surviving cells at the edges of the 
death patch would initiate a duplication. The second observation is at 
odds with the model. The observed small size of the deficiencies assoc- 


lated with duplications suggests that one half of the circular values are 
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compressed into a very small portion of the upper medial quarter of the 
disc. These values must be so compressed that even a patch of ts726 
induced cell death that does not affect a single marker can Gs over 
half of the values. 

There are several alternative explanations for this aspect of the 
DFP phenotype. First, it is possible that cell death is occasionally 
produced in long, thin patches in the mesothoracic leg discs, such that 
much of the edge of the upper medial quarter is removed without affecting 
many of the morphological markers (see Postlethwait 1978). This is not 
considered likely as earlier ise een studies of 29° treated ts726 
imaginal discs reveal no such patterns of cell death (Clark 1976, Clark 
and Russell 1977). The high frequency of small deficiencies (359/893 
affect one or no markers) implies that such patches should have been 
found in even a small sample of leg discs. 

Another alternative is that the organization of the circular values 
in the mesothoracic leg disc is different from that in the prothoracic 
leg disc and that, the values are not more concentrated in the upper 
medial quarter of the disc. In the present study large regions of the 
upper leg segments had very few morphological markers. As shown in 
Figure 5 a large portion of the thorax and femur are unmarked in the lower 
medial quarter of the disc (eg., between ST and St4). Since St4 is 
very often deficient, it is possible that the patches of cell death are 
removing enough circular markers in the lower medial quarter to induce 
a duplication. This is supported by the observation that in two DFP's 
the St4 is deficient and the ST is not. There is firm evidence for the 


concentration of circuiar values in the prothoracic leg 1nto the upper 


medial quarter of the disc, but no such evidence has been published for 
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the mesothoracic leg disc. However, in a4 recent communication, Schubiger 
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(unpublished) suggests that the circular values in the mesoOthoracic leg 
disc are uniformly distributed around the disc circumference, supporting 
this alternative explanation. 

A third alternative explanation is that the effects of removing cells 
by a clean cut and by a patch of cell death are not the same. It is 
possible that a patch of dead cells might interfere with the wound healing 
process necessary for intercalation. In a preliminary test of this 
possibility a series of discs with small, surgical deficiencies for the 
areas most often deficient were cultured tn vivo for 5 days. No cases 
of duplication were observed. This result is compatible with either 
this or the previous explanation, and only further work will allow the 
two to be distinguished. . 

One final possibility is that following the induction of cell death 
the imaginal disc first regenerates and then duplicates. This would 

’ 
imply that the observed deficiency is not a valid indicator of the size 
of the patch of cell death. This is not compatible with the polar 
coordinate model. According to the model regeneration and duplication 
are mutually exclusive events. If a majority of the circular values are 
removed intercalation must produce only a duplication. No mechanism 
exists for regeneration in such a fragment. This possibility is not con- 
Sidered likely, due to the observations made in the clonal analysis of 
duplications. If regeneration and duplication were occurring ‘hen a ieeee 
number of OD clones should be produced by radiation treatments given at 
or shortly after the end of the 29° treatment. This would be due to the 
initial marked cells of the clone participating in both the regeneration 
and the duplication. This is not observed. The number of OD clones is 
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Of the alternative explanations presented above, the possibility 
that the organization of the positional values is different in the meso- 
thoracic and prothoracic legs is favored here. This explains ie observ- 
ation, and the high frequencies of deficiency of markers 25t6 and St4, 
both of which are in the lower medial quarter of the disc. This explana- 
tion is also reasonable in view of the organization of the coordinate 
Systems proposed by French et al. for the amphibian and the cockroach 


limb. 
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The Determinative Events in the Development of Duplicates 


In the introduction it was proposed that in Drosophtla, cells become 


sequentially determined to form specific adult structures. At each step 


in this process cells are proposed to decide between alternative develop- 


mental pathways onthe basis of their positional information. In order 
to explain the processes of regeneration and duplication it was also 
proposed that these processes are reiterations of normal development 
undertaken by cells which have "forgotten" certain of the sequential 
decisions made by their ancestors. The second main purpose of the pre- 
sent work was to test this hypothesis by investigating the intermediate 
stages of development of duplications using the technique of clonal 


analysis. Two aspects of development were chosen for study. First, 


the number of cells present in duplicates at several stages was estimated 


and second, the locations of clones induced in duplicates at different 


5 _ (@) : - ee 
times aiter the 29° treatment were examined for evidence of the existence 


of an anterior/posterior compartment boundary. The Minute technique 
was used in this second analysis. 

The question of the number of cells in the duplicate has been pre- 
viously investigated in cultured disc fragments using a radioactive cell 
marker (Wildermuth 1968 a,b) and clonal analysis (Ulrich 1971, 
Postiethwait et al. 1971, Nothinger 1976). However, the limitations of 
the transplantation technique for the generation of large numbers of 
cases and the restriction of these investigations to marking cells at 
only one time point prevented any detailed conclusions. The large num- 
bers of cases and multiple irradiation times in the present study allow 
a more detailed comparison of normal and duplicate growth. 


f , rer was estimated in two 
ienumberofpcelis present in the duplacatewas,esim 


- y ; ‘Sc Fy re 
ways. The first of these uses half of the inverse of the mean relativ 


157 


ate nt a nlaene : 
orice: itv’ hiceliaa 
Pavano tones 
fecgionpe® ot to en 
aie eo toi same toe: att 

aR Ease ee ade | 
Heeoka 34: aap aie: sbi 


Per ue "i Weare NE se: wee e 


pretanrhy 1 eee -eaguee Livesnroe: ae: 6 é i vie : ee eee aI | 
POOR nq, Aettettyee si eon oa all sina vi 

= siete aiid 0 some teed rat senmsto as 
Meapiibsor oy wit 24 en seen | 

apheresis seat soieeiangaiit ee eb ken as anil os 

S “ret sili 


Last 


Lino oF tongs part: = pie 


bey. arrigeiane wegen) al eo kecrmnieg: oe 302 aphids 

226.2) Ree sg ibram ae! enoksapiventt sent? my sotsndsasie os hint 

mare wget lies cleagalebinte ieee tethered a) bosmaverxg: “onkeg, som on, % 

eer be Yt: eae a ae: eens sro bgeabates t. visi toe 0 0 

| ag nana bape Situ, verre “be. rea cago 

| | OMS SEs satin ietiun aly we i ane ‘at nee: Sia ie : 


rihes 1ou) sia elt= he Sinead oy do Scat, ‘amibst 


clone size as an estimate of the number of cells present at the time of 
irradiation (Becker 1957; Bryant and Schneiderman 1969, Garcia-Bellido 
and Merriam 1971; Wieschaus and Gehring 1976a). This method eet 
that the ratio of marked to unmarked cells at the time of segregation 
of the clone is maintained throughout development. The inverse of this 
ratio is thus an estimate of the number of cells present at the time of 
Segregation of the first marked cell, and half of this estimates the 
number at the time of irradiation. 

Using this method, estimates of the number of cells in the normal 
leg in the embryo have been made (Bryant and Schneiderman 1969; Wieschaus 
and Gehring 1976). These estimates range from 7-10 cells, based on 
Clones marking leg bristles. In the current experiment, the earliest 
irradiation time was 24 hours after the midpoint of the egg laying period 
and the estimate of the number of cells in the control legs at this time 
was about 15. This is higher than the estimates of cell number in the 
embryo, which is likely due to the fact that most of the subjects were 
beyond the embryo stage at the time of irradiation. Applying this method 
to duplicate clones initiated by the irradiation given 24 hours after 
the end of the 29° treatment, i.e., just prior to the time at which the 
duplicates begin to grow, gives an estimate of 6.7 cells. This number 
is very close to the number estimated for normal legs in the embryo. 

A second method has been used to determine the number of cells 
which become committed to form an imaginal disc. In this method mosaics 
are generated before the disc is initiated (usually gynandromorphs are 
used) and the smallest mosaic patch observed is assumed to indicate the 
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clone is assumed to represent the number of cells present, atvinitiation:. 
Being based on only one clone in each treatment batch this estimate 
cannot be considered to be very accurate. Variations in the er 
growth rate within the imaginal disc will tend to reduce the smallest 
clone size and hence gave an overestimate of the cell number. 

In previous studies in which gynandromorphs were used the number of 
cells which initiate the leg disc was found to be about 20 (Madhavan and 
Schneiderman 1977 for review of these studies). To make a comparable 
estimate of the number of cells initiating the duplicate in the present 
Study the smallest clone from each irradiation batch was examined. The 
estimates were remarkably constant in all batches irradiated before the 
end of the 29° treatment, averaging 21 cells. Thus this second estimate 
of the number of cells in the duplicate at initiation is very close to 
estimates of the number of cells initiating the normal leg. These two 
comparisons lend support to the hypothesis that the duplicate leg 
develops by a reiteration of normal developmental processes. 

The rate cf growth in imaginal discs has been estimated from the 
rates of change of the frequency and size of clones induced throughout 
development (Becker 1957; Bryant and Schneiderman 1969; Garcia-Bellido 
and Merriam 1971). In these studies the logarithms of clone frequency 
increased and those of the clone size decreased linearly with time of 
development, indicating that the imaginal discs were an exponentially 
growing population of cells. The slopes of the lines fitted to these 
logarithms were used to estimate the rate of growth of the discs. In 
the leg this rate, expressed as the number of hours required for a 
doubling of the clone frequency or halving of the clone Size, was about 
15 hours at 25° (Bryant and Schneiderman 1969). The same calculations 
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19.6 and 20.0 hours (from the frequency and size curves respectively), a 
reasonable agreement with the previous estimate.. 

In the 205 treated control legs and the DFP's the slopes of these 
curves are not constant. During and for about 24 hours after the 29° 
treatment the clone frequency does not change very much in the 29° con- 
trol legs. Since cell death is known to occur during this period, this 
implies that the rate of residual cell division at 29° is approximately 
equal to the rate of cell death. 

The rates of growth appear to return to normal in the 29° treated 
control legs and in the original portions of DFP's about 24 hours after 
the return to 22°. The slopes of the clone frequency and clone size 
curves are not significantly different from those of the 22° control 
legs after this point. This implies that the cells have recovered from 
the treatment and have resumed normal growth. The slopes of the lines 
fitted to the duplicate portions of DFP's during this period were not. 
Significantly different from those of the original portions of the 
DFP's, This implies that once growth has begun in the duplicates it 
Proceeds at about the normal rate. Thus the calculations of rate of 
growth also support the hypothesis that the duplicates are developing 
Via a reiteration of normal development. 

Gne additional event which is known to occur in normal development 
is the establishment of a compartment boundary separating the cells 
forming the anterior and posterior structures. In the mesothoracic leg 
firm evidence exists for only a single anterior/posterior compartment 


boundary (Steiner 1976). This boundary appears to arise at or shortly 


after the cellular blastoderm stage. 
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truly reiterate normal development, an anterior/posterior boundary should 
appear in the duplicate portions of DFP's. If, on the other hand, these 
boundaries are simply an indication of passive segregations nee 

then no boundary or a boundary in a different location might be expected 
in the duplicates. Such a result would argue against compartments being 
important in determination as it would indicate that there are mechanisms 
for growing a leg without compartmentalization. Alternatively, the 
appearance of a compartment boundary in the same location as in normal 
legs would provide evidence for both the developmental significance of 
compartmentalization and for the hypothesis of duplication as a reitera- 
tion of normal development. 

As a first step in the analysis of the ts726 induced leg duplications 
for compartment boundaries, the location of the boundary in 22° control 
legs was determined. The results confirmed the findings of Steiner 
(1976) with one notable exception. One row of bristles in the trochanter 
appeared to be marked by clones from both compartments. These bristles 
were placed in the posterior compartment by Steiner, but a large number 
of anterior clones marked them. These clones were too numerous to be 
cases of two independent clones. 

Several possible reasons can be co:sidered for the behavior of 
these clones. First, Steiner's map might be incorrect, and this row 
of bristles might be actually in the anterior compartment. This is not 
tenable as many posterior clones which respect the boundary elsewhere 
also mark these bristles. Also, anterior clones which mark the boundary 
elsewhere do not mark this row of bristles uniformly. Some mark only 
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. a mone the 1s ohne 
which suggests a uniform boundary near or among tie bristle 


ie sual thoy ee bees 
“wiphhet may ao hagas eon 


i 


a iorriiaeeh Legale. ri hee ta i 
Ranson: Pho. tah eee: pita es 
anadere $e age iba oh 

Reed ee eTS ert ogeh, emia, je ue al 
7 a LS. edi Rent, eR sted ei: sari A hana 
sadiniire cael 6 tat. oepiosedt haamrgaReD ered ag ahs 
ts OS career. thet me AGRI, agent aml | a fe | 4 & 


eet 2 A Ain Oe oy Se kt 
u i" : vat ae vy AE YD mea ay ‘ Lived last 


tion, wd, phe ngs con roa: wil at: arr tsb 
organo seretenarent sale. Medeapmio’s waite warirod soceasen aa 
cashed git eee Aphid: ebeeud2D ron teagan 0 Hk “nek s ede: wnat 
ving dug amg? egal nt ied #6. ee ‘vine aul geen pom 
Mistteq on ai. a ae sage 4 Lae het ABTANRE:: pees bee ssiaciae 
hatin teehee vl: tem, 8, Sia 


Secondly, there might actually be no boundary in the trochanter. 
This is not tenable as the large anterior clones do not mark more than 
these few bristles and as posterior clones do not mark ee structures. 
Were there no restrictions, these clones should mark large portions of 
both compartments in the trochanter. Also, these anterior clones do 
appear to respect the other anterior/posterior compartment boundary in 
the trochanter. This boundary can be precisely located in the patch of 
trichomes close to the edge bristle. 

Thirdly, the compartment boundary might vary in location from leg 
to leg in this region of the trochanter such that these bristles are 
sometimes anterior and sometimes posterior. This can explain the data, 
but if it is true, then an important question is raised as to the function 
of compartments in development. It suggests that either both compart- 
ments might have the capacity to form these bristles, or that perhaps the 
compartments are passive divisions of cells which receive further instruc- 
Ps as to what structures to form from some other system of information. 

The fourth possibility is that the irradiation used to induce the 
clone is inducing enough céll death to occasionally allow a marked cell 
to regenerate across the compartment boundary. The work of Schubiger 
(1971) has demonstrated that anterior cells can regenerate posterior 
structures, but that the reverse does not occur. This possibility would 
explain the limited extent of the anterior clones’ penetration into the 
posterior compartment and the failure of posterior clones to invade the 
anterior compartment. The reason why this invasion should only occur in 
the trochanter is, however, not clear. 


Of these possibilities the fourth, that the irradiation used to 
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that 1500 r causes considerable cell death in the imaginal disc (50-60% 
according to Haynie and Bryant 1976). By random chance this death might 
occasionally produce a small "hole" in the disc that removes sais at the 
compartment boundary. Since anterior cells can regenerate posterior 
structures, but not the reverse, this could explain why anterior clones 
occasionally mark a small portion of the posterior structures. 

Following the investigation of the compartment boundary in normal 
legs, clones induced in duplicates were examined. Three observations 
were made from the results. First, clones induced by a late irradiation 
were restricted by a boundary. Secondly, this boundary appeared to be 
in exactly the same location as the anterior/posterior boundary described 
in the normal legs. Thirdly, analysis of clones induced at different 
times indicated that this boundary appears in the duplicate between 24 
and 48 hours after the end of the 29° treatment. 

These observations provide strong evidence for the hypothesis that 
compartmentalization events are important in the development of imaginal 
discs and for the gorwth of duplicates being a reiteration of normal 
development. The appearance of an apparently normal compartment boundary 
in the early stages of duplicate development under conditions that are 
likely to be very different from those in the embryo implies that the 
establishment of this boundary is an inherent part of the mechanism for 
generating leg structures. 

Thus both aspects of duplicate growth examined by clonal analysis 
are very similar to the growth of normal legs. This’ supports the hypo- 
thesis that cells become determined by a series of sequential steps 
under the control of positional information and that duplication occurs 


by a reiteration of some of these steps. The observations made on dupli- 
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at the initiation of a duplication. The anterior/posterior compartment 


boundary is established prior to the committment to form a specific disc, 
yet the decision to form a disc is remembered in culture nade che com- 
partmentalization is not. This suggests that the sequential determinative 
events have different stabilities. 

One possible reason for this difference might be that those decisions 
which must be reiterated during regeneration have a low stability. This 
is supported by the current observations. The decision to form a parti- 
cular part of the disc must be reiterated during regeneration and has a 
low stability while the decision to form a particular imaginal disc must 
be remembered and has a high stability. It thus seems reasonable to 
conclude that the stability of the determinative decisions is directed 
towards ensuring that regeneration produces a correct copy of the missing 
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APPENDIX A The Number of Elements Present in each Marker in the Imaginal Disc Fragments 
Transplanted into Mature Larval Hosts 
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APPENDIX B. Organization of the data on computer cards and computer 


programs used 


1. Organization of the morphological marker data on computer cards 


Cotas: 


1-6 
8-10 
12-14 
16-17 

19 

ak 


La 


Data 


card identity number 

experiment number 

larval age at 29° treatment (hours}* 
date of eclosion iia) 


leg type’ 


status of thorax” 
St4 
St8 
BH 


5 
Status of coxa 


Se .5 
Sc 8 

: S 
status of trochanter 
Scil 
Sel 


. 5 
status of femur 


Tsp 


status of tibia 


Way 
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APPENDIX B No. 1 (cont'd) 


52-54 number of bracted tarsal bristles 
ee mScl 
56 mSc2 
we SoC2 
58 number of adventitious bristles 
59 number of segments in tarsus 
60 Status of tarsus” 
61 Un 
62 Em 
63 I 
64 Unp 
65 Ap 
66 status of claw organ” 
68 scoring procedure’ 
70-75 number of legs with these identical data - 


1. Columns not mentioned were left blank. 
2. Recorded as hours after the midpoint of the egg collection. 


Given as day on which eclosion occurred, 99=pharate adult 


Ww 


4. l=Original portion 2=Duplicate portion 3=29° treated control 
4=22° control 


Indicates whether the two portions of the DFP are separate 
l=Not’ separate 2=Partially separate 3=Completely separate 


wm 


6. Given as the number of elements present 
-=Not scorable 


7. 1=Completely scored 2=Tarsal bristles not scored arava as on the index 
car 
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2. Examples of the data on computer cards 


45492 
45492 
°45582 
45582 
45612 
45612 
45632 
45632 


285 
285 
285 
285 
eal 
285 
285 
285 


9¢ 
90 
20 
99 
99 
96 
969 
98 


1 
1 
01 
01 
01 
01 
G2 
02 


NS NE 8) bing 


Fong enone 4321508 211134231153155129953219413 
021221071276 431830021082291003291 8000012011109 
0 22024071276531158831113423115315512205 3210113 
€212230612543090002208022039042055100G12012102 
9220240912765311508311134231153155122953212113 
0205240712500066000200619000901000000001000001 
8220200702765311508311134231153155122053212113 
901026966276 3668690207123030052005000012800001 


be pe pp 


RR ps ps 


ah SA a 


, he 
oe er oo 
high “ture 


* 


ieee 


3. Recoding pro 


gram run on raw data 


C INITIAL RECOOE PROGRAM 


VARIABLE LIST 
INPUT MEDIUM 
Nw OF CASES 

INPUT FORMAT 


RECODE 


COMPUTE 
COMPUTE 
COMPUTE 
COMPUTE 
If 

IF 

IF 

IF 
COKPUTE 
COMPUTE 
COMPUTE 
COMPUTE 
IF 

IF 

IF 

IP 

Ir 

IF 

IF 

re 
RECODE 


RECODE 


RECODE 


RECODE 


RECODE 
VAR LABLES 


MISSING VALUES 
ASSIGN MISSING 
FEAD INPUT DATA 
WRITE CASES 


TINISH 


ID, EXP,HOUR,ECLSN,PS,P} TO P31,S1 TO $31 
DISK . 
893 
FIXED(F6.0,1X,F3.0,1X,F3.¢ 1X Fo. 
AAU AZ IS ALGAD AL, AXGIALS Peabo thahl DelXs 
A2,1X,A2,A1,1X,6A1,1X,3A1, 
3X,5Al1,/, 
28X,2A1,A2,1X,A1,A2,A1,1X,7Al, 
A2,1X,A2,A1,1X,6A1,1X,A3,3A1,3X, 5AL) 
ele TY (CONVERT) / : 
P #S3,P5,S5,P14,514,P15,S515('+--"#-]) CONVERT 
P1,S1,P2,S2,°4,S4,F5,55,P6 TO P13,S6 70 e14.P16 70 P22 
Be on S22,P24 TO P31,S$24 TO $31('---'=-1) (CONVERT) 
P33=P7-4 
P3d4=4 
P353P3-4 
{P? LT 4)P32=P7 
(P7 LT 4)P33=0 
{P8 LT 4)P34=p8 
(P8 LT 4) P3520 
S32=4 
$332=S7-4 
$34=4 
$35=S8-4 
(S7 LT 4)S32=S7 
(S7?7 LT 4}S233=0 
(S8 LT 4)S34=S8 
(S8 LT 4)$35=0 
{P7 EQ -1)P33=-1 
{(P8 EQ ~1)P35=-1 
{S7 EQ -1)535=-1 
(S83 £Q -1)S35=-1 
P1,S1(1=2) (3 THRU HIGHEST=4)/ 
P2,S2(3=2) (5 THRU HIGHEST=5)/ 
P3,S3(1 THRU 14=1) (15 THRU 26=2) (27 THRU HIGHEST=4)/ 
P4,S4(2,3=1) (4=2) (5 THRU HIGHEST=4)/ 
PS,SS(2 THRU 7=1) (8=2) (9 THRU HIGHEST=4)/ 
P6,S6(1=2) (2 THRU HIGHEST=4) 
P7,S7(2,3,4,5,6=1) (7#2) (8 THRU HIGHEST=4)/ 
P8,88(2,3,4,5=1) (6=2) (7 THRU HIGHEST=4)/ 
P9,S9,P13,513(2,3,4=1) (5=2) (6 THRU HIGHEST=4)/ 
P14,814(2 THRU 7=1) (822) (9 THRE HIGHEST=4)/ 
PI5,SI5(2THRU 19=1) (11,12=2) (13 THRU KIGHEST=4)/ 
P17,S17(2=1) (3,4=2) (5 THRU EIGHEST=4) 
~23,S23(2 THRU 137=1) (138 TERU 173=2) 
(i174 THRU HIGHEST=4)/ 
P22,822(2,3=1) (4,5,6=2) (7 THRU HIGHEST=4)/ 
P11,$11,P12,S12,P16,516,P2),52¢,P21,521, 
P24,524,P28,S28,P39,530,P31,S31{1=2) (2THRU HIGHEST=4) 
P18,S18,225,S25,5F26,S26,227,527,P29,S29,P35,535 
(3 THRU HIGHEST=4)/ 
P32,S832,P34,834(2,3=1) (4=2) (5 THRU RIGHEST=4)/ 
P19,510,°19,519,P33,533(2=1) (2=2) (5 THRU HIGHEST=4) 
ALL (-1=9) 
P1,STERNAL BRISTLE/P2,STERNOPLURAL BRISTLES/ 
P3,NO. GF THORACIC BRISTLES/ 
P4,GROUP OF 4 SENSILLA TRICHODEA/ 
P5,GROL OF 8 SENSILLA TRICHCOEA/ 
P6,HAIRY ISLAND BRISTLE/ 
P6,GROUP OF 7 SENSILLA TRICHCDEA/ 
P8,GROUP OF 6 SENSILLA TRICHCDEA/ 
P9,GROUP GF 5 SENSILLA TRICHCDEA/ 
P18,GPOUP OF 3 SENSILLA CAMPZNIPORMIA/ 
P11,GROUP OF 1 SENSILLA TRICZODEA/ 
P12,EDGE BRISTLE/ 
P13,GROUP OF 5 SENSILLA CAMP2NIFORMIA/ 
P14,GPCUP OF 8 SENSILLA CAMPANIFORMIA/ 
P15,GROUP CF 1) SENSILLA CAMPANIFORMIA/ 
P16,GROUP OF 1 SENSILLA CAMPANIFORMIA/ 
P17,TIBIAL SENSILLA TRIiCHOCEA/ ‘ 
P18,GRCUP CP 2 SENSILLA CA“PANIFORMIA/ 
P19,GKOUP OF 3 SENSILLA CAMPANIFORMIA/ 
P28,PREASICAL BEISTLE/ 
P21,APICAL BRISTLE//F22,NO. CP TIBIAL SPURS/ 
£23,NO. CF TARSAL EPRISTLES/ 
P24,METATAPSAL 1 SENSILLA CAMPANIFORMIA/ 
P25 ,METATAPSAL 2 SENSILLA CA¥FANIFOPMIA/ 
P26,3FPD SEGMENT 2 SLXMSILLA CAMPANIFORMIA/ 
P27,NO. OF GUGUES/ 
P28,NG. OF EMPODI/ 
P29,NO. CE PULVILLI/ 
P30,1O0. OF UNGUITZACTOR PLATES/ 
P31,NO. OF APCDEMES/ 
P32,COLUYN 3 OF 577/P33,COLUMN 2 OF ST7/ 
p34,COLUMN 1 OF ST&/P35,COLUMN 2 OF ST6 
ALL (9) 
P32 TO P35,532 TO S35 (9) 


(F6.8,1X 2F3.0,1X,F2-81X,F).8,1X, 76F1.8) 
ID, £xiT, NOUR, PCLSOM, PS, Pl TO P31,P32,P33,034,P35, 


61 TO $31,532,533,S34,535 
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. mappa 


nnttono jaa 
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4. Recoding program run on recoded data 


168 


BIMENSZON TP(35),18(35) ,1RC (35) ,IM(5) 

READ (5,100,END=99) IM,IP,IS 

POSMAGA LG, 1X, 213,08 ,12,1X,151,1X%, 7811) 

DO 10<i=1,35 

ISUM=IP(1I)+I1S (I) 

ITPROD=IP (I) *IS(T) 

IRC (I) =0 

i {iouM .GT. ji) IRC (1) =] 

TP {isom .EQO. 1) @RC(I)=2 

Tf AteehoD .EO. 8) w.AND. {ISUM .EQ. 2)) IRC(l) =3 
Petre RoD ee. 4) «OR. (IPROD «EQ. 2)} ITeCt2) S5 
TP (ISUM .EQ. 4) TRC(1I)=6 

ie AAGoUM, Gt. 4).,AND. (ISUM .LT. 9)) TRC (I) =7 
CONTINUE 

WRITE(6,110) IM,IRC 
FORMAG(16,1X%,213,1X%,12,1X,11,1%,35I11) 

Go -TO. 5 

STOP 

END 


7 7 ve ” 


ew eLIORE 00 
PetRy ORE 


taf) ORE Ct MOREY 


h 


i 
a) 
v 
fle 
/ n 
ie 
ANY 
{ 
rt 
‘ ; 
. 
‘ 
1 
ites) 
‘ 
oe 
wa 
é ¥ 


” (elon 


Ne s al * 


“ei 


iurey ', : 4 : : i Ao : ’ 7 ; 
Pate GS. aa é 
; Ang 


A bei ‘ae 


ie He A Ne “ny 
T ir ny va De f ' i 
ae 


184 


5. Organization of recoded DFP leg data? 


Columns Data 
1-17 same as on raw data card 
13 1 = DFP leg 
Zh ST 
Be re 
25 ThB 
24 St4 
25 St8 
26 BH 
rae TaN 
28 St6 
29 StS 
30 St3 
a1 Sti 
a2 EB 
33 Sc'5 
34 Sc 8 
35 scil 
36 Scl 
Sf Tot 
38 TSc2 
oo toc 
40 PAB 
41 AB 
A2 Tsp 
43 Tarsal Bristles 
44 mScl 
4S mSc2 
46 SGe 
47 Un 
48 Em 
49 P 
50 Unp 
51 Ap 
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oe OS ai | 
54 1st6 


55 2st6 


1. Recoded according to scheme described in Text 


2. Added to the data set after it was entered into the computer. 
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6. Examples of the recoded data 


45492 285 90 
45582 285 90 
45612 285 90 
45632 285 90 


Riri es 


— .s —3 3 


16555666566353535 353 35533336 56 36666 
1655565 5533335535363365633366636563 
1656:76533333333332333333333 33336533 


13515 166533333566363 365333333336666 


ae 


Aw 


i ilk ‘ i 


den. 


ix 
Oh, 
Ch 

./ 


yaa 
Par un 


ars 
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7. Nearest neighbor analysis program run on recoded data 


PRIMARY CHARACTER (PRI) MUST BE A DUELICATION 
SECONDARY CHARACTER (SEC) MUST BE A FULL DEFICIENCY 
I/@ 5=READ REQUEST; 6=READ DATA BASE; 7=OUTPUT 
INTEGER PRI,SEC,TER,CHAR (893,33) ,FREQ(33,33) ,ROW(33), 
Ay Vobie( 23,12) ,VAR(33) 
DATA FREQ/1€989*2/,ROW/33*2/ 


Peete ie) yor.) 6p tHe, STa STR fei e ft ee F 
eee oo ei Mf ER. PetSCSh YS Sce?, S011", "stl ',' ter. 
Para, Poe | PAD *; AB ', "PSP, (TAB ',*MSCL* 7’ usc2\. 
Piesceoe , UN yp EM OO, TP re ON ye Ee gf eg eee 
wae eo” 2STto*/ 

WRITE (7,2@@) 

READ (5,100) NS,NDATA, ((SEL(I,J) ,J=1,12) ,I=1,NS) 

READ (6,11@) ((CHAR(I,J) ,J=1,33) , 1=1,NDATA) 


DO 58 LOOP=1,NDATA 
DO 40 K=1,NS 
PREESEL(K , 2) 
TeetCuAR(LOOPy,PRI).LT.5) GO TO 49 
NSEC=SEL(K,1) 
DO 16 I=1,NSEC 
SEC=SEL(K,I+2) 
IF (CHAR(LOOP,SEC) .NE.1) GO TO 18 
OP tO NSEC):.GO TO 25 
L=I+1 
DO) 26+0=L,NSEC 
TER=SEL(K,J+2) 
IF (CHAR(LOOP,TER).LT.3) GO TO 42 
29 CONTINUE 
25 FREQ(PRI,SEC)=FREQ(PRI,SEC)+1 
ROW (PRI) =ROW(PRI)+1 
GO TO 48 
1@ CONTINUE 
49 CONTINUE 
5@ CONTINUE 
DO 38 I=1,NS 
NSEC=SEL (1,1) 
PRI=SEL(I,2) 
3Q@ WRITE(7,218) VAR(PRI),ROW(PRI), . 
1 (FREQ (PRI,SEL(1,J+2)) ,VAR(SEL(1I,J+2)) ,J=1,NSEC) 
STOP 
190 FORMAT (215/(1212)) 
11@ FORMAT. (19X,611,2%,2711) i ay i, 
20G FORMAT ('1','NEAREST-NEIGHBOR ANALYSIS OF DUPLICATED ioe 
1 ' PRIMARY CHARACTER(PRI) FOR EACH EXCLUSIVELY DEFICIENT! : 
2 ' SECONDARY CHARACTER (SEC) '/'-DUPLICATION', 5X, ‘TOTAL 1 OX, 
S HEPICLENCIES*,/) y ore 
21@ FORMAT ('@',3X,A5,8X,14,6X,6 (13,45, 5%) a ,20X, 
AP 21 3¢R5,, 5X) ) 
END 
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The data from the non-Minute clonal analysis was stored in two parts, on 
> 


two types of cards, one containing the clone data and the second data 


from the legs containing the clones. 


8a. Organization of the data on clone cards 


Columns Data 
1 experiment number 
3-4 treatment class! 
5-7 Leg identification number? 
8 Leg type” 
10-12 hour of irradiation’ 
14 clone type” 
16-17 clone location® 
18-19 clone restrictions’ 
21-24 number of marked anterior trichomes 
26-29 number of marked posterior trichomes 
31-33 number of y f anterior bristles 
35-37 number of y f posterior bristles 
39-41 number of sn® anterior bristles 
43-45 number of sn® posterior birstles 


8b. Organization of the data on leg cards 


Columns Data 


experiment number 


3-4 treatment class! 
5-7 leg identification number” 

8 leg type” 
21-25 number of anterior trichomes in leg 
27-31 number of posterior trichomes in leg 
33-35 number of anterior bristles in leg 


37-39 number of posterior bristles in leg 
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. 01-08=29° treated and irradiated, Ol=irradiated at 24 hours 


ms 02=irradiated at 48 hours, etc. 
O9=29" treated unirradiated, collected before the irradiated batches 
10=22° constant unirradiated batch 


11-18=22° constant and irradiated, ll=irradiated at 24 hours 


“f 12=irradiated at 48 hours, etc. 
19=29° treated unirradiated, collected after the irradiated batches 


. Numbered from 001 > highest, in each treatment class 


1=Original portion of DFP 
2=Duplicate portion of DFP 
3=29° treated control 
4=22° treated control 


. given as hours after the midpoint of the egg collection 
. l=moh sn®, y f twin 

2=y f single 
3=nwh sn“ single 


ll=thorax only eg. 16=thorax through tarsus 
22=coxa only 

33=trochanter only 

44=femur only 

55=tibia only 

66=tarsus only 


. column 18 column 19 
l=anterior only 1=0 clone 
2=posterior only 2=D clone 
3=anterior and posterior 3=OD clone 


4=29° treated control leg clone 
5=29° control leg clone 
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19342 
19402 
19492 
19732 
19962 
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2622 
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3512 
DHT 2 
1633 
4622 
4522 
1532 
163? 
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Examples of the clone data cards 


T4649 


20 
620 
160 
250 


30.740 
1 
11 

a te) 

19 
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19 
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Examples of the leg data cards 


WWW W& & WWW WWW WW Ww WD 


11862 
Ni ar OF os 
13942 
eS 2 
13532 
13792 
14162 
14232 
14262 
aan PP 
2 452 
2 Se 
2 642 
te fs BE, 
ot 


4620 
4109 
4100 
2652 
3920 
125¢ 
2109 
3452 
3622 
3400 
3829 
3169 
2650 
3309 
4129 


LO} 


APPENDIX C 


Number of 
Cases 


Akh LHL UUUDNIAIWW OO 


MM NN MN WN WH N bY 


ST 

(none) 
ST, 2St6, 
ST, 2St6, 
ST, 2St6, 
ST, 2St6, 
25065 
25t6, 
2St6 


St4 

STju 2866; 
ST, 2St6, 
Si} 2366: 
2St6, 
2St6, 
2St6, 
2St6, 
2St6, 
ST; .BRS 

2St6, 
2St6, 
2St6, 
2St6, 
2S86! 


2St6, 
25t6; 
25t6, 
ST, .2St6} 
SB .25t6} 
TST, bSes 
ST «25664 
ST 2566; 
ST! «25865 
SF! 25064 
SP 29065 
ST! .2S€6; 
ST) ,.2Se6; 
SH) 2506) 
SP} .28e6; 
ST) +2865 


ST, 
SP, 


Markers Deficient 


St4, BH 
St4, BH. 
St4, BH , 
St4, BH , 
St4, BH , 
St4, BH 


> 


3 


St4, BH 


St4, BH , 
St4, BH , 
St4, BH , 
1St6 

St4 

Seas BAY, 
St4, BH , 


1St6, 2St7 


BH 

St4, BH, 
St4, BH , 
St4, 1St6 
BHA. 1S€6 


St4)0BHp St 5% 


Sé42 Birt, 
St4, BH, 
St4, BH , 
Sts 
S642 BHD, 
st4, BH , 
St4, BH, 
Sia, Be, 
St4, 
St4, BH, 
st4* BAY 
st4, BH , 
St4, BH , 
St4, 
Sts, 
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Markers Absent and Number of Cases in Unique 
Deficiency Classes Found in DFPs 


1St6 

15¢67,585 

SG5 

ISO6P Seki; .Sos.565 

1SteG? Seth) .Ses) .SUS>,2507 
1StOs. Sci, StS 

IStGP SES) StS, 1St6 

1LSt6 Sts sStaposcs 

1SEGP SUB eSEaPsScayecat A 
186) Seti; Sts; ,.1Ste 

Sea °%Scs 

15t6 92567 

1St6y Seit 

StS) Sci 

St5)*6c 37ScHt 

1St6) Sell, Se3, 2St%, StS, 
18¢6) Scl1, Sc3, 25t7, SLé, Sts 
1886. Scil, Sc3, 25t7, St4, 1St/ 
18t6, S¢éil 

18t6, Séf1,"St5, TSc3 

1St6, Sts 

LSt6;, *ScS 
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APPENDIX D The Frequencies of Spontaneous Clones Divided into Size Classes 


Type of Clone Percent in each Size Class! 
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1. Size classes based on number of cell divisions following segregation 
needed to produce that size of clone 


0-2 4 = 6-8 
ae ae Bi a8-10 
3 = 4-6 6 = 10- 


ofervda 


= 5 S ai co mee a ay). ate age 
its oske tows. nk ‘Guortet, oe 
‘ Sy ote 


‘ Dei v oy ey ay 7 ft. bh me 
Mi i | - y y i i i rl a 


i? 


=s 


bs - 
\ ee = > 0 
red“ ie. 
r a =~ y 


LA a Taye -. « 
; Lies to vedmon os “beesd esezs! io 6 $ 
| enrots din dade souboug of bob peeer 
hb aie sa cul 
- er os : 
» ,! bool i 


read ki 
me 


ee ee  — ———— — 7 z aT ad sae “a _ —- —s = — = ———— Se ee eee eee OO eee - <= 


Tnpreay CaS aE 


ae 
eee 


gee ‘ 
re 


eon 
ay 


